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RADIOCEEMICAL RESEARCH IN THE USSR

By Viotor Spitsyn,
Professor of hioscow University, Corresponding lember of

the. USSR academy of Sclences,

Studies of radloactive eleiients began in Russia soon after
radloactivity had been discovered. They were conducted in close
cooperation between scientists of varlous specialities: minera-
logists, physicists, chemists, technologists and physiolans.

The physicists 4.P.Sokolov (1903) and I,I. Borgmen (1904)
studled the radioactlvity of various natural objects - mineral
water, medicinal mud, rock and soil, and considerably improved
the methods of radiometry. A.P.Sokolov notably developed a
compensation method for determining radium by radon, whish sub-
sequently found wide application.

N.A.Orlov {1904) discovered radiation-clemical transforma-

tions of paraffin and other organic substances during the actlon

of redium amanasien. YrN.Antonov (1913) discovered a new

radiolelement, uraniumrf,among the products of decay of uranium,
L.S.Kolovrat-Chervinsky (1914) comluoted major research on the
isolation of redium emanation¥£;‘solid and molten salts, V1. T.
Spitsyn (1917) used radkactive tracer atoms (RATh, UXg) to
measure the solubility of slightly soluble compounds of thorium.

I.A.Antipov (1900) discovered a uranium deposit in the
Ferghana Reglon, the flrst in Russia. V.I,Vernadsky (1910)

a

expeditions uimed at a wide-scale research of

G rn o
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uranium-redium and thorium ores and undertook an extenal ve
study of the gesoohemistry of rediolelements. Kh.I. Antinovich
(1908) ocarried out experimental refining of Russian uranium-

vanadium oreg,but the attempts to isolate radium from it en-

Vate: o i, iy, 5 4 oy AUt

ocountered great difficulties,
Even at that time Russian solentists took fuil account of
the importanoce of research in the rield of radioactive slements.

In 1910, V.I.Vernadsky (1).wr94te: "Today sources of atomic

power are ravealed ‘bafore us in the phenomena of radioactivity,
exceeding millions of times those which man's imagination

oould ploture, sources which by their power and importance dwarf

/
the power of" steam, electriolty and @xplosion processes cose

Mankind has entered the new age of radiant, i,e, atomio, powex
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The level of industria)l production was, howsver; verv low in
prerevolutionary Russia., As a reeult, the material and engineer i
ing opportunities for the advancement cf research, notadbly, on

radioohsmistry, were greatly limited.

ot S 1360 1 A S e

The situatlon has abruptly changed arter the Great Qotober
Sooia 11st Revolution. One of the first tasks set by the Soviet
government in 1918 before the Academy of Sclences wes to

ol S 5

elaborate a method for extraoting »adium out of Soviet uranium-

vanadium 6rew. The task, dif ficult at the time, was success-
fully resolved under the 'guidance of V.G.Xhlopin, an outstand -
ing Russian chemist, and in 1921 the staff of the Experimntal

i

B o gy O o

“sammple_
Radium Plant produced the first prep@uﬂ.-e-n of radium bromide.
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The produstion of pure compounds of uranium was atarted‘in the
USSR a few(later on the basis of these raw materials. "

The further development of radiochemistTy in the USSR was
olosely connected with the aotiwities of the Radium Institute
'rounded in 1922 and attached to the Aoadany of Sciences. TUnder
the guidance of V.G G.Khlopin, the Wi—
geded of the process ocourring in fraotional orystellization of |
parium-radium salts m@;?%%f/mf which proved indispens- X
able in ensurisg the progress of the SOviet raedium industry.

soqording to the rule evolved long ago by K. ra]anp-r.ranai
(1913), a radioelement in solution in a state of, micro conoent-
ration is supposed to be absorbed by the: we it the
element forms with an lon of the revers‘e‘:}z: orz ther solid
prhase a oompound whioch 1s dirﬁeultﬁse—&s”he in the given
meqilum,. In 1921,., Khlopin (2) proved that isomevphism of the

$
and the redium salt so formed is an indispensable

condition of suoh coprecipitation, while the degres of solubil-

ity 1s or‘no considerable importance. For example, during the
cry-tdilization of gyi:sum out of a solution, the radium. pre-
sent there does not pass into the fmmg gypsun and-radium
sulphate are not isomorphous. Anhydrous strontium nitrate
isolated from agueous solutions at a temperature above 31., is
isomorphous,with radium nitrate and captures it _in? the ocourse
of q’rystalliz_atiog, On the other hand, with a temperature
below 31..60, whez%gdréte Sr(No3)2+4H20, is formed, whioch 18

ron £

sl e TR Al
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not isomorphous with radium nitrate, the latter is not
inoluded at -all in the solid phase. If, however, oryatalliza-
tion of strontfum nitrate is ocarried out at 0°c, the isolated
orystals of Sr(N03)2.aﬁ20 agaln begln to capture radium as a
result of forming tetrahydrate of radium nltrate, similar to
barium, which does not oxist in a free state but whioch 1is
capeble of producing isomorphous -mixtures with Sr(No3)pe4H0.
V.G.Khlopin was the first t0 employ quantitative physlco-
ohemical methods to. study two-phase systems, of the type salt-
water, oontaining a mioroocomponent, It was demonstrated thet
furing orystallization equilibrium is attained much slower by
the miorooomponent than by ths mASrocomponent. This pointed
to *t;hp great role played by the proocess of} residue recrystale
1ization, which ocoours for a long perlod of time, after the ‘
apparent equilibrium between the macrocomponent and the solu-
‘tion has elresdy set in, and which replaces the phenomenon
of di'ffusion, pragtioally absent in the solid pkase;,
v.G.Khlopin (3) and his associates made & stuﬁ‘yior over 30
systems containing compounds of strontium, barium; lead, oerium,
urapium, etc. as & maorocomponent, and radium, poloniuin, and
‘lead; bismuth and thorium isotopes (RaD, RaE end UX3) a8 a
mierocomponent., It appeared in every case under invéstigatiqn

that the mierocomponent producing & compound isomorphous with

the solid phase is distributed between the orystals and ths

solution like a diluted substnace betwean two non-mixing sol-

en "
we T el
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vents (V.G.Khlopin, 1924). @

The .following formila was suzgested far quantitetively
—appretsing the distribution of radium between the arystals of
barium salt an}l the solution:

p 4

) v (1) i
where x is the amount of radium which passed into the oryst‘als,f

m 18 the weight of the solid phase, 1 - x is the amount of

radium remaining in the solution, v is the volume of the molu-

el

tion, and K is some constant typiecal of every pair of salts.
, Subsequently V.G.Khlopin and Q.A..Nikitin (4) modified the
equation in the following way:

18y | (1-x)S0 |
= " /T (20 -
where ‘x, l-x and m have the former values, q is *bhi “318‘113‘ of

Rt e e O e @ o

the 11quia phase, and Sy end s are the speoiﬁ.o w.ightu of
the solid apd .I.iqu:ld phase,

If one designates by x and 1-x respeotively the amount of

the uiorooomponont which paasod into the .orystals or ronainod 1-;'
‘. oen
in the colut,ion, and by v and ley the amount .of tho ‘marooon,pom

-

whioh passed into the orystals or ronainod in thu lo].@ion,
tho pmocu of fractional orystallization uy be btinod by
the' rollowing eq_uation: TN K

flox D N
whorc D ia the oocrtioiex‘tygt:r q
o ks {z«‘ )
A an ﬁz‘:sﬁ:u&d m.“’ . ) b

ortse, sos g B

(23

Bl Declassified in Part - Sanitized Copy Approved for Release 2014/11/04 : CIA-RDP81-O1043R00200007006-2



Declassified in Part - Sanitized Copy Approved for Release 2014/11/04 : CIA-RDP81-01043R002000070006-2

—

I

POOR ~ORIG

e\f ,ﬂ\rﬂ—v{ o) ;};w?.h,'uﬂ, -:A;'K'E‘;-J‘-k;;‘\?ﬁgig 'f‘?r\‘ﬁ?:"‘.\f‘ﬂ:‘c
A e 4 EA

'F..—a n"""'““ R ?\L.V 3 - ._!_ ‘

Vib o e - oh

-6-

“ment in the orystals and the coeffioient of miorocomponent |
impoverishment in the solutdon,
In case fraotionel orystallization procesds in a normal
w;ay,~the coefrioient of orystallization remeins constent and,
"at the same time' oorresponds to equabion (3) throughout the

»probess. 'I'h.ts regularity wae repoeatedly checked in praotice I':

and aerved as a gqlentlfic basis in controlling and adjusting <k
‘the maﬁatrial methods dr isolating radium and some other

" rédioelements.

Prooeeding from them of the thermodynami‘o pétent’ié-_
end the theory of .aotivities, A,P, Ratner (5) dedused, "theo-é*"";:
retio&ﬂ@qu&tion demors trating the regularity of '
distribution of the miorocomponent between the solid. crystal

-e.nd nquid phases and established a connestion between. tb.e
°°'fﬁ~°1°‘1t of fraoctioning and the concentrationsof the

,gomponents 1n the two phases;, and the properties ‘of pure

components, The equation he obtained proved to fully’ aooord
-with ‘the exporimam...l data, AR
' The research outlinsd above has made it also possibln't
dvaw the following important theoretical conolus:.on' the
"EPPLLoabLLitY of the law'of aistribution, to the'behaviom
- 8Yme minrocomponent betwaan the orystals or ‘some salt and} kf;h%“
| solution 18 proof of the preseme of 1somorph18m betwean tha

available oompounﬂ of the miorooom,ponent and ‘bhe saltj

‘a solid thua.ma,2 and of the sintii.?f\i {ﬁf\i}" oomponti,onv 1

- - -
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’ helpful in eaﬂablishing
tguc ,f ndn-gtable compounds or or’ those ﬁresen{: 51

gn. gf;:and m studying their cpmpositi on a.nd Bt

hi g ,"ziathod i ;- uotabl;»,,

w’,

a sy’ﬁtgm oont;aining orystals and a, n&turated

R

) ‘soluti on
t:e!:lurido H Nag're ’

18 subordinated to the‘.lau

)‘ tq dibenzyl— teliuride,

e A

tn:s proved that in'this oase*

whsv fzhe ﬁ.rst to m-ove the
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phencimerions The ratio' of radon and sul hurous axihédfidgf in
‘iﬁaseuwa ahd erystalline phases —iﬁ—eqé'nﬁu:&e&-m the 1aw;
of dietributipn. It has thus been. established that'rYadon .

forms a hydrata isomorphous with%rate of Sop and m
by 1ts compositi ﬂbh%rmula Rn.6H20. Radon 1s absorbed in °
a éimil’ar way by%ﬁid hydrate of hydrogén sulphide EgSa6H20. ’
-Nikitin oaloulated that the =wesiliesee—vf diﬁﬁmﬂ ~radon!
hydratexamounts to 760 ma at abgut 0°c. Henoce, pire radgn 1*

]

shoulﬁ interaot 1n suoh oondit;ions direotly with ice 4, foriging

a3 e

o —— S XYED

s

8 bydzate. 0 ‘ SR | %
' ' i

qim:w.:: phenomena were diaoovered by mmz@n for other

inart ggses,namely. argon and neon.. The‘*ooefﬁoient pr dis-m

trimtion dapends on the nature of ipert gases" ,’.I‘ne great%!’ﬁ

A A BN e

el

or dietribution between the gaseous phase and ‘ahe;; oldd

o
B

hydrato» SOz-‘éHzO,’, had -the following vtlues~ “,-“'ﬁ%.- .

"‘

St Lo, ST, e 5, AT Nt s e s 8T
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vadratb of 802 in several stages amd controlling tha temperat"’f;;‘ 1
ture, 1t is possible to separate inert gases in thia ohemigal -

PERREER

-way" ~ 2% < -

. L
l»;( .

e —aa -

s

- s“b“q‘m‘uy B-A Nikitin (9 10) suddeeded in pr&vi'ng in“ ®

il on Phenol with paraohlorophenol such as Rn.chasog‘» ,,.- :

l.‘ rq

@3309350& Rn.aclcgﬂaoa. The compounda H.‘Br 2095503;3,‘ ;

£ ey

; 325 '2085503 and’ 828 3clcgm,on were used as carriers. R
J

i Ay
o RTINS TN

polarity of. suoh substanoes. o

A M«m&- sf:udy of the phenomena of copr‘eacipitati‘
verioua substances according to Khlop:ln's method has «made '.it
possiole tocdtaln, new valuable information on the natnre &‘f” 3

PENES
Pt s

‘&,«‘:3"

SR

. n: dsomohphlam and to apply them to the processes af sep&r@tion
S radio valemnts. V.G Khlopin and B.A.Nikitin (11) investi-

LY

& &i 81-' chemi'oal“
SV '.5"’
.~a~ im‘espaoti.ve of their chemioal anaIOgyw This -ineludes

o "phiam .’m suuh syaz;ems as Baso‘,+ mo,, ;
; ,

<,v
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plened

was reoorded. Henoe, anomalous mixed oryatals posaaas a miaro-

disperseﬂ mosaio struoture, but in tha com:se of ﬁhgd.r isolati"
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-y

- smma -
TS T

-

W

i

o R PG R s WA e .
wm-a.m '-Apﬂn'-uqdhk& »M<;n$mnn&wm«“wamhg3wﬁ¢ w@&mzn‘o v.om,

Declassified in Part - Sanitized Cop Approved for Release 2014/11/04 : CIA-RDP81-01043R002000070006-2



Declassified in Part - Sanitized Copy Approved for Release 2014/11/04 : CIA-RDP81-01043R002000070006-2

;
Fox prding ver gy

- 1]l =~

boundary of mixing also during coprecipitation of radium and
thorium (in the case of UX;) with lanthanum fluoride. Hence,
anomalous mixed orystals are formed in the systems LaF3 -
Rarz and ms - ‘I‘hl‘h.

Interesting data were obtained by M.S.Merkulova (15) in

studying a more.ocomplex case, hamely the coprecipitation of

bivalent meball ions with salts of the type of Nacl. No lower
Soﬁndaiy of mixing was found in this case. In the systems
NH,1 - Pblp - Hp0, NaCl - PbCl,- Hp0 and Nagl - SrCl, - Hp0,
"¥hé aiatribuilon of the microamounts of lead and strontium

_1sotop93 ‘_(8r89) oocours in such a way that the orystallization
coefficient, Dy 1z a oonstant, irrespective of the amount of .
the soliq phase Mu, and of the presenioi,e'

_ of forelgn dgh-valent fons in the solution. Analysis of the _
s}pe.ed at fv'hioh equilibrium was established by the xpiqrobomgon- t
' gnpl in the system Nagl - PbClp -'-uiz& demonstrated that.‘ocitii'l!;‘-‘
brium was attained during a longcng(‘for over 30 hours)y

. Thil 18“«1& aceorda.noe with the mechenlsm of formation gt ‘so4a '}
'aolutiona. In the sase under examination, the mioroobnpoucnt

‘anters tho sorystal lattice of thp maorocompqneqt aalt‘ only up

to a certain liinit-(the upper boundary of mixing). i’lflie results |
P

P FET T B BN . .. . + . ~

ror oY

—:—‘\f" F l

FoR
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mixing. This is a new type of coprecipitation, wh‘ioh ocannot

be olassified as any of the types already known -

In the course of the ‘given analysis 1t was established
the orystalllization ooeffiolent for lead possesses a Very high
yalus (Dph = 220 at 25°C). It was posaible to uge this pheno-

. menon to separate small amounts of isotopes of lead (ThB,ReD)
and bismuth (ReE). The latter are distributed betwean the
orysf.ale and the saturated solution of sodium ohloride, in-

'dependent of one another and wittlxx their own coeffioients of

‘distribution, which guibe diffe eir absolute value
(Dpy = 0ib)e  When 54 of NaCl is isolated from an oversaturated
éorzlut"ion* §6 +8% of RaD and 2.9% of ReE pass into the m&m
After repeatéd precipitation, 93. 74 of ReD and 0;06% of ReE
_are, conoentrated in ‘the residue. Complete separation of the
1sot0pes of lead apd bismuth may be attalned by epplying the
mathcd of isothermal evaporation of the saturated ‘solution
R of sodiu:a chloride, contalning mioroquanti tles of. Pbclz and
_BiGl,.
M,S Merkulove (16) and her essoolates have alson analysed
reoently the processes of copreocipitation, attendod wi.t.h the

i, et * S o e 2 R B e e

formation of inner adsorption systoms. A study m bodi
4 made of the systems K80), = PbS0, = B0, xzso,;}.im 265 1
add Kp0roy, - ;PhOrO, - Bp0. It appeared that thers ooo‘t e

a regular oapture of the miorooompenent by the’ solid pMsa

7.
™

3 = N ., -
I 5 PV SN e [ e e N
&MW X 5 »:» usm i !p -:- TP A P AR L SN RN St g 2 IR Rt R
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when arystals of sodium sulphate and po'bassium Sh.ramate are
1solated aut:of the solution’ in the presence of"lead end
radi.um.; In this ocase the behaviour of lead and; radium
viaotppes 18 1ikewise subordinated to the law of dist:’ibution,
aq,d the prystallization coerrioient., D; has a constant value.
The. speed of establishing equilibrium, amounting to ¥ak 510
minuteag points, however, to the abisorption naturs, of’ the

phénomsnonw ‘The presence of easily adsorbad higt valent :fons
in fhe so:lution greatly. reduces the coeffiolent o
ﬁiog.u~ -Th&s phenomenon draws a sharp diétinétionf-ﬁ;tween

<g,)

ooprecipitation ‘attended with the formatlon of i ’ﬁﬁéz’-j' ansorpt,“

.y

>

sy,atam h. one *in tie shape o isomm:phous and anoma ou g

ﬁixe‘p. xmistals':u For example, an d.noraase in thﬁ,w;é xx,
‘ot m&r ;

'“1‘.'

1 N e D T

2]
i

Iy

m;a "
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covered in the case of solutions. D, the coefficient of
orystallization, remeins a constant value, lrrespeotive of the |
amount of the preoipitated solid phase and the method of its
precipitation. Y. G.Khlopin and B.R.Klokman (17, 18) have
proved this when studying a number of systems containing
barium, lead, strontium and calcium salts as a maorocomyonent,i
and radium, ThX and ThB a8 & miorocomponent. Molten systems (
also exhibited the formatlon of anomalous mixed orystals {
(laFy - RaF,) and inner adsorption ocompounds (RpS0,, - RaSOp)e 7
At bigh temperatures the process of reorystallization oocours, ;
however, much faster than in solutions. t
There are also some pecullarities in the behaviour of the ;
miorocomponents in molten media. BaCl, proved to produce &
continuous series of mixed crystals both with PbCly and Srclp,
while ReCly oopreoipitatee only with PbCl,. Henoe, there is

a sharp diffemnce in the behaviour of radium and barium in

A number of investigations were also conducted in the

USSR, devoted to the problems of adsorption of radioelemonts
and the formation of rediocolloids. It has long been known

t
]
i
|
j .

" this case (19). %
;
i
!
i
!
]

the.t some radioelementa exhibit: the properties of oolloidn
and osn, for example, be separated by means of d:lalysls. " The ‘ '
pinion was; however, woteed that , while in infinitely dilute}{ ,Q;
solutions, radioelements do not form colloidal particloa of . b

their own, but are adsorbed on colloidal partioles of other A
) gn mﬁmn ?QE @%\, ‘\!
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substanoeq, namely compounds of ordinary elements.

I.E.ﬁtérik (20) has shown that in polonium compounds
the colloidal properties are most pronounced preoisely‘in
those media where a minimum of adsorption is observed on pre-
liminarily prepared colloidal particles. This was convineing
broof of the fact that polonium forms genuins ocolloidel solu-
tions. The conditions of their existence have Ueen speoified
by subseqneq§ research, use being made of centrifuging, ultra-:
filtrati;n and other research methods (2;). It appeared that -
at ooncentrations of 10~9 - 1012 mol/1 with pH renging from
8 to.lo, poloniunm, which is apparently 1n a quadrivalent state,.
mostly forms insoluble ocompounds and under such coﬁditions is
detained by ultrafilters to the utmost,

A.P.Ratner (22) and his assooclates applied the method
of centrifuging and dialysis to 10 =5 M solutions of ziroonium,
niobium and tantelum oompounds tagged with corT esponding radio-t
aotive 1sotopes. The hydroxides of the e lements under investi-'
gation proved to exist in a colloidal state in the range of pH
from 1-2 to 12-13. During oentrifuging, the colleidal parti-
clas of zirconium are separated almost to the full, while’
niobium and tantalum are practioally not isolated. Annlysis
of centrifuging and ultrafiltration of polonium solutions -and
of some isotopes of thorium (UX; and RATh) at variqus valuqa

of pH permitted to discover the presence in these solutions’

t’a““‘?
Fnn pr’w”‘! par omY
-““‘v’ﬂl‘ P

- LTS S OO
: e v - am Ay o b P, »—mw,ng...ﬁa‘\u o i, PRPURELE. a o
D e vt cegni AR e st A 2¥Wue e ot 4 e o .p-u/ww- 2B 2T BRIV M e g
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of twé groups of particles some scores of microns and about

. P . ;
e s s s b, At e e i B i o 1M

Ym in sizeﬁ The radiocelement in the~é%;§;78f fnghly dis-
persed particles passes through the dlalyser, though rather
slowly, while the one in the g?gge of finely dispersed partic-
les does not passat all. An essumption has beeh made that the
roughly dispersed particles represent a ra&ioelement adsorbed
on impurities, while the finely dispersed particles afg formed
by the radicelement itself. Partial ionizgtion of the colloid-
d;ygtpd solid phese of the radioelement appears to play soms
part in thg.latter case., After equilibrium has been establish-
ed between the fonic part of the inner solution and the outer
solution, the process of dlalysis comes to a sto%.

Recently I.E. Starik (23) and §1s assooclat es have been
sxptematioéllé studying the oonditionof small amounts of
various radioelements 1n‘891gtignsm The forﬁation;of'oolloids
has been established by the method of ultra-filtration with

103, -~

the eid of riﬁioaotive isotopse Ru in the céée orltri-and

ot a pouﬁivoly charged oolloid was proved 1n tha lp or trl-

.

o vilent thalliun hydroxide whan Ti%" b s used'as’ & ‘tracer..
‘ w&th pH amounting to 3; coagulation is recordod,,and with .PH

exoeeding 7, a stable negatively ocharged oolloid is. rornnd.

=11

At a ooncentratlon of 10" mol/l,. fisaion zircon1u1p95

is to be tound in aoid nitrate’ solntions.ai,positivn,ions.

\ l’«n PR =
—atfl “v\.‘ﬂus\-" _"'L‘ E .;,;r_'i,“:“"!.ii.t.ﬁ_«_."‘;“_...ed.,. "
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‘ T‘ '3;.j ‘,‘.4‘“"5;!‘5.‘511‘1)3» ,rafxg'ihg from 1.6 to L.2, 295 is markéliiy ad.sorbed on
,, ‘.{g : A ‘-.'xjégatifq]:y oharged particles of impurities and: belié.lvﬂa‘g 1ike

'_.%‘i‘qugﬁlyt*dlspersed collofd, With pH ‘amount'ing‘t,o dya2; sOlu-
b1ty produot Zr(OH), us attained, and a proper qégh'tj.yely
dharged zirconium hydroxide collold ia. formsdjywith 'the’ part-

= loles approximately lm in size (%). S o

) JIn the oase of uranylohloride in'a hyd:oohloride medium,

at;a. ooncentx;ation of 5+107% mo1/1, & colloidal formabion

. of” hydrolyais produots was found, with ho): ranging from 245
‘bo-1655..* In the ocase of concentrations of the grdecr ot 1078,
mgl/l, uraniuin forms & pseudocolloid, with pH renging’ £Tom

255,10 618 dug to the adsorption‘of the mioroimpgrities on
tho partiolep existing in the solutién (25). kR

- s 'rhe above “resauoh has’ greaﬁly olariried the oondi‘bions :

dba?:ﬁtion oapture- 1t 1o neoessary to test qﬁﬁ- s.poéd"}or,“
/ eatabif‘ahing oqug.lihrium between the solution and;the,vrea,’ndue
) by“th*radioolmnt'., oncey’ by, pracipitating the 014l pha
ﬁjﬁﬁ%m, aofu.tibn oontaining the. radi(selement "‘an - 16 s‘ééﬁd
s otz 2 »re;;;}n;s&f%ew "
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solution. In the case of 1soﬁorphous coorystallization, the
magnitudes s0 found sharply ‘differ from one another, while
during adsorption capture they approximate one another. Apart!
from this, the process of recrystallization influences 1n & !
different way the relative amount of the radioelement whi oh

has passed into the solid phase: if isomorphous coorystalliza-
_tion takes place, the degree of capture of the radiocelement ‘
does not praotically change in the oase of adsorption, the
degree of capture of the radiocelement diminishes &s well~-
formsd orystds are obtained.

Numerous experiments were carried out to study the
adsorption of polonium from solutions (20, 21,25). Minimum
adsorption by negatively cherged surfaces, such ag glass,
was recorded in a neutral and & weekly alkalips media; when
polonium exists in a ocolloidal form. Poloniun is adsorbed
to a considerable extent in an aocid medium as lons okt or
20024. Desorption by means. of 1NHN03 ooours the easlest whenl
the absorption of polonium by glass has taken plaoce from.
newtral or weakly alkallne solutions, as colloidel partioles
afe dombined with the sorbing surface less firmly than high-\
valent catlions. Qnartz glass and pyrex glass riqh in gi}ipa
possess the greatest capaocity for sorption in relation ts:
polonium. Preliminary treatment of glass with en alkali

increasea the adsorption of poloniunm, while aoid treatm.nt

produces no tangible effect.

R
B R N
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The adsorption of redium by glass was studied by many
investigators (26). Reduced data on the solublility of radium
sulphate were obt'a_ined pecsuse this phenomenon was not duly ‘
t‘akeh into account. correoct results were obtained bY
o' Frbakher and B.ANiKkitin (27). v.M.vdovenko and AG. Samoilo-?
vich (28) have shown that adgorption of radium on glass at‘._ i
concentrations of 10-7 - 101! mol/ml, with pH ranging from
2 to 7, is subordinated to Guits theory, as applied to high-
valént ions.

T.G,Khlopin (29) and bis assoclates studled the ad.sorption}

of radium on & wesidue of lead sulphate. Partiocular attention

ﬂ"-ﬂ-‘,v‘*ful—*" et

v oo g o TR

was g}zen $o investigating the oonditions for obtaiq.ing an
adsorbent with a oonstant surface and _ potentiel. The
a‘nove-,said researchere noted that adsorptlon of isomorphous
1ons was reduced to nothing but primary exchange edsorptlon;

i.e. kinetic exchange with' the ions of the surface. The )

oy @

presenoe of surfaoe active substances i{n the solutions impedes

the process’ ) ~ e
A.study wes also made of adsorption of urenium by glass
and paper fil‘t:cars,~ which is8 mportant in analyticel woivk {(30%.
- Adsorption on glass mroved insignificent- and diminished in

proportion to en ingrease in the ooncantration of acids or

ey A i £ 2

alkauno oarbonate. Adsorption on filters grows aB pH rises

,¢—r

and reaohes 77% i & "oonﬂitiomlly-neutral soluti on with a

SR

v

i Eaes v < a4 N

2
3

p g;rn.““'\ “,.ﬂf @?%&\g 'rw’ i :

T

Faé
.ﬁuﬁu«—krf s s wn a—»n»"-. *

Declassified in Part - Saniti
- Sanitized Copy Approved for Rele
ase 2014/11/04 : CIA-RDP81-01
: -01043R002000070006-2



Declassified in Part - Sanitized Copy Approved for Release 2014/11/04 : CIA-RDP81-01043R002000070006-2

E?Q prrmm! nay pen V

- 20 -

concentration of uranium amounting to 5-10'53/191.

By oomparing the adsorption and colloldal properties of ‘a
number of radioactive isotopes under investigation, it is
possible to distingulish several typlocal cases (31):

1) The maximum of adsorption properties corrbapénds to a
mininm of oolloidal properties, and vice versa {Po,Bl).

2) The mexima of" adsorption and colloidal propertied are

ooim.idental (B4, 3%

“,Pm, La, eto.).
In the ahove two cases the elements form reel colloids.
3) In the range of small pH, when there is no adsorption
on glass or paper, a maxirum of X colloidal properties (ar,U)

is recorded, Pseudocollolds are evidently formed in this case.

Ao o Nl By e

4) Adsorption of the radi oelement grows in proportion to
'the 1norease in pH, and no meximum 18 formed on the adsorption
ourve ('1.‘1 » Ra). There appears to be no colloidal: phage in
this oase. .

- By oomparing the adsorption e.nd colloidal propertles of
radioelements, it has been possible to: clarify their state 1n
diluted solutiohs in many cases at different values- or pH.

The adsorption and colloid-chemical propertiea or radio—

i _aopive 1sotopes were studied by A.K Lavrukhina (32) in oonnection

wiffh the processes of their copreoipitation vd.th lli;htly so- L ‘

PR

1ublo hydroxidea 're(OH) 3, Cd(OH) 29 'I'h(OH) 4, eto ) a.nd sulph‘ldeSe

ey W i i ey AN et - e A e o I s e St
. o -

—a it

(FeS,Bisz. +Pbg, Cus, etc.).‘ As is well known, these’ phenomena,
AT eamye ot

b - i W R

-
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important for radiochemiceal analysgls, are supposed to result
eighter from mechanical capture by the precipitated residue
of rediocolloids rorned by radloisotones, or from surface
adsorption. It hes peen proved that coprecipitation of radic-
isotopes does not depend on the mblar solubility of compounc €
used as carriers or the conditions of their precipitation,
of considerable juportance is only the ne pgnitude of molar
solubility of the corresponding radioisotope compound. The
degree of 3racip1tatior of the radiisotopes under investipa-
tion (51210, Ce’hb Pble, Lr’s ”u64, stc) with the above
hydroxides corresponds to the amount of prwcipitated hydro-
;ide. The following qastenism of the »process yas been su. g€’ -
od: when phE 1s below the beginning of precipitation of hydro-
xides colloidel partlcies ure formed of & non-isotopic carrier
and of a radloisotope «ith similar adsorbed cations; the nuclel
of the colloidal particles of the hydroxodes are merged during
coagulation. The logarithm of the ratio between the molar
solubility of tha nydrooxide of some metal and the molar

solubility of the radiolisotope hydroxide points to the magni-
tude of coprecipltation of the radiolsotore with the givern
hydroxide in the course of its rrecipitation.

various phenowent related to new foxus of radiocactlve

tpansformations were the subject of intensi ve studyin the

UsSR. B.V.Kurchetov, I.V.Kurchato?, L.v.iysovsky end

1.T.Rusinov (33) discovered in 1035 the phepomenon of nucleur
1AE ﬁ'\y}\%ﬁ

Prdias L3
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isomerism for artificlally redioactive isotopes. These
Tegsarchers obtained 36-hour bromine-82 by irradiating ethyl
bromide with neutrons and asoertéined tﬂat the fngarly deg-
oribed 18-minute and 4;5-hour isotopes both correspond to o
brimine-80 whose nuoleus, in addition to the basio stata;‘may %
also be in a state of exoitation. )

- Soon after Q.Khan and F, Shtraseman (1939) aiscovered ths
fissionor uranium when the latter is aoted upon by neutrons, i
the Soviet physicists K,A.Petrzhak and G.N.Flerov ( 34) provead
that’ fission of the atomic nuolei of uranium may also take ‘
place spontaneocusly, at a speed, however, far beIOW‘thét-éfd
ordinary alpha-deoay. '

A cyclotron, the first in the Soviet Union and in Europe, '3'".""

was set .up at the Redium Institute, by means of which & number; K

of important investizations were carried out; end, notabl‘_'
study was mde of the ohemlcal naturs of fission of heavy’ ;
atomic nuclei; vV, G.Khlopin, M.A.MesFiksKhlopina and’ Nif, Volkov, -
' (35) found irn 1939 thet on irradisting uranium: compounds ;Iéi'bh"
’ neutrona, the fission products N oollectad, by the method of
recoll, evolve, in the ocourse of time radioaotive gaseous pro-h
duoct's which proved to be krypton and Xenon 1301:0998. It wasg .
_ proved, in oontradistinction to the paners by othar authora,:
’ %hat ra&ioaotive krypton and xenon are formad not. only as pri_
mary prod.tmts of the tission of uranium‘ but also appaar'fin
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ducts, such as radicaotive isotopes of brofine, antimony;l eto.
Numerous investigations were carried out in the USSR,

devoted to the ohemistry of individual natural radloactive

@

and synthesized clomen ts as well as radlolsotopes.

T o+ R T O R T T

B@A.Nikitin (36) developed the analyticsl ohemistry of
radivm. A new method for radioochemioal réfining of protac’cin

o

iun has been suggested (37). Precipitation with the aeid of"

¢ e T .,rarf;,‘

anygdalic acid permits to isolete quite completely nrotactinium E

~neTsy

from a solution, purifying it a’o the game- tims of polonium,:

"

actinlum, radium and thorium. The potentials of its &e&-&%&en
MW%

pum and gold were measured during- investigationsx on

r
£
&
5\
i

C o

the électrochsmistry of polonium (38), and & study ‘was ma.de
of the valent states in solutions, the phenomsnon of diispropo:c- :
tioning of quedrivalent polonium wes found; and tho! eleotroda
potentials of Hexavelent polonium wére determinéd‘ Using
tellurium as a ocarrier; V.D.Nefedov and M. A"rargxl&

syn'bhesized dimethyldiiodopol onide;. (063) zTe(Po}Iz

by the method of i-sotopic exchange of “{odine with cd:[

‘ohis compound the bond Te(Po) “ I is of an -1anogeni B3t

Data have beén obtained to the "affoot: ‘bh.at (GB

(033}213013 q.re less B

compomxda &

[P £

considerable researoh was oonduote

uranium end thorium compounﬁe. x.ﬂrinberg,_

l;g.

PRI L it
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assoclates studled the properties of the oxalates orqtﬁzsg
elements. It has been shown that the oxalate of quadrivalen‘b
uranium, U(Gzoa’z 6H20 represents an acid with pH of ths .
saturated sclution equalling A.B. The oxelate of tnorium,“

properties. Uranium oxelate is dissociated aocordingin
/U(czoh)z(aao)n/ /U(czol,)z(azo)n-l(om/"va A%
apd thorium oxalate aocording to

Th( 0204)-2 The L0, -

coordination structure established.. )
" Physico-chemical analysis ofuranyl o
that this compound, too, is dissaclated according to
{0020,0, (R,0)/ /UO oa(om/"-& o
Uranyl oxdlate may be considered as an &oid equal
“strength oarbonio acid.

The constants were measured of the non-stahility of

o

BDmPlex anidns, - - . . L

>

£
g

aeutilive vasd - e S i
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for synthesizing agueous uranyl monocarbonats, Uﬂéco3~ﬂiq,
- from aqueous solutions of uranyl nitrate under the pres@uré

of COp.*Anhydrous uranylcarbonate was obtained from suspen-

P N TSI S-S DR S o

-sions of U03 when CO, is passed through under nommel condi-
tions.

0.E. Zvyasintsev and B.N.Sudarikov (4%) established the
composition of uranyl end thorium salicylates, NHA/UOZ(Sal')B/
s4H,0 and Tho{Sal” )2, and defined soms of their propertées.

R L

Thdrium salicylate is stabls only in weakly acid medium {pH

o L sersan

amounting to A~5) Its solubility is rather siiéht. The

compdund rapidly hydrolyaes in a neutral or alkaline medium ¢
without a surplus of salioylate ions, forming thorium oxisali—:

.l ;
oylates, When thers is a surplus of sal” ions, a soluble

complex salicylate of the oompnﬂizion of /Tho(salz") /2' is =~
formed, vhich easily hydrolyzes while being heated. Uranyl

}
saliaylate 1s by far more soluble and stable, which underlies 5

the suggested salicylate and oxisaliaylate methods. of separat-?

Ang uranium apd thorium.

. T I.Spitsyn; B.A.Ippolitove and their assooiates (1957)
comprahensively studied the properties of. uranates of alk&li
elements. The chermal stability of such elements increaeéa

" during the transition from LisU0, to CSéUOh, the greatast\f

Jggmaa&:gr heat of formation being; howsver, foun& iu'the>oase

of potassium and rubidiim uranates. Tharmograbhi\ and roent-

FeR (7
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genophhsic anelysis of the processes of interaction between

the alkaline carbonates and uranium oxides has shown that

diuranates are, as & rule, formed 1ln the first stage of the

e D PR B

reaction, at a temperature of about 500°C; subsequently, depend

ing on the exoess of one of the reagents, these turn into
normal uranates or into more acid polyuranates, Basic urana-
tes have been obtained of the composition of MBALUO5- A

'

roentgeno- -structurel examination of normal uranates has Shown

e e e gy e 3 ot

that they contain tetragonal oxr pseudotetragonal layers of'
(U02)02 between which the atoms of the alkall elements are dis{

L
posed. Endless chains of octahedrons of U0g, linked by commoni

™

ribg, were found in the struoture  ~ Nagll,. When polyura-

PEPE

nates werse reduoad by hydrogen, identified potassium end

sodium uranaues (V) of the composition Heon3 ‘were also

obtained,

RIS

Anelysis of the precipitated uranates of various alkaline

Pk

L BRI A

elements haé shown that analogous compounds are fqrmed.gt
approximating wvalues of pH, irrespeotive of the nature:of tha
hydroxide. As a result of washing off exocessive of alkali
with wauer, their composition regularly changes during uhe

T, P -
Pl st bkt

transition fron??ithium salt tohggsium salt, tending to form

o N

more acid uranates. A gimilar regular*ty was disclosed 1n

analysing the composi tion of normsl uranate hydrolysis pro-A

&

duOtSu

Reactions of interaction bsuween uranyl nitraxe and

PRy

Rt It )
3, A

N
g‘rg s b e o
i 5 e
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hydrogen peroxide were analysed in solutions (45_:).‘- Tt has

been shown thet a peracld or tte compesition of HpUy09 18

ey ————r—r T SRR

formed, whioh produces salts of the NaHUp0g and NagU20g types. i
In other conditions a formerly known salt’ Fe,U0g.9H0 1s o
obtained, fox which solubility in water and in aolntions of
NaOH .and EEN()3 was measuregl. The seid salt anters into reaot—
ions of neutralization wiﬁ"ﬁ’aﬂN% and NaHGO3:

Na UOgt 2ANO; NeglU0g * 2NeNOg & Hp0p

Ne, U0g* ENam}ng Na,U0g i 2NapC03 4 Halp

Compounds Na,Up0q«6H,0 and Nagl), 052+ 3H,0 are the pmduots of
decomposition of salt Na, U0g.9Hp0 during heating: a

£
&
]

Many investigators measured the solubi 1ity of slightly
soluble compounds of uranium and thoriun; Hamely oxalata (45),
. arsenates (h-’l)‘_.. uranyl, uranyl and thorium phngphgtea (l;8)=;;~' and

othérs,.

»
g RO 2T

A stu&y was "made of uranium and thorium halides’ of “the

lowest val'ence. conditions were elaborated to obbain quinque-
M‘—A

valent uranium & an electroshemioal. :m:s'((). It h%been

-

proved that, with PH amounting to 3 o. i’o is in thbx

1t R WP R BTt
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studied (51) of reducing thorium halides by means of hydrogen.

Some properties of ThCl, and ThBry were &dfined.
B

Various researeters obtalned new complex derivaties of ura-
nium with organic substanoces. A.A.Grinberg (52) and his
asaociates studied compounds of uranyl vith 1.3 diketones.
Urenyl benzoyl-acetonate, UO,{CgHsCO«CH*CO*CH3) 5e HLO leaq
éynthesized, and the conditions for obtaining uranyl acetylace-
tonate, Uoz(GH3°GD-CH-CO.CH3)~Hzo, were speclfied, Experiments
almed at obtaining volatile uranium hexacarbonyl produced no

positive results., Many intra-complex compounds of uranyl with

Schiff bases were synthesized {53). Some of them may find

applicatéon in analytical chemistry.

Lm e (X bt

The development of the atomic industry and of the tech-
niques of accelerating elementary particles in the USSR has mads
available trapsureaium and fiseion products, a field in which
extensive research has been carried out.

A.D.Gelman (54) and her assooiates stud ied the composition

JURET PR R S

of oxale.i;e complexes of trivalent plutonium’ and d.etermiq_eg th'e

-

constents of thelr non-stability by the method of ion 'éiohéhge.

PR

: Chemlcal method has been suggested ‘to obteln trivalent naptun-

gy

ium, using rongalite as a reducing agent,

e

v.V.Fomin (55) has shown that oxalates of tri—quadr&- and

hexavalent plutoni.mn, when kept under various conditioas (in the

"
>
IR S

air or in a veodhm, at 25°C and -80°C, both in light and in dark-

ness) decompose under the effect of alpha- radiation of pl\t’iso-'

e TSN=
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, nium, In this ocase Puéz passes into Pul'g, and Pu“ into

Pu3? under the influence of the evolving carbon monoxi@e‘v The -

oxalates turn into carbonates and, partly,into oxidess .The

polarogrephic method was applied to study the complex ogrél‘z'at\es '
of plutonium (56).

M.M.Popov end M.I.Ivanov (57) measured the heat (e
i{%" L. »

“Plutonium diugide is formed. V,.I.Grebenschikova and .V.N,Bobrovaj .

(55) studled,the coprecipitation of trivalent emeriocium,
- .d‘ *

t.&xgz.(So;;)s, viith Kasoka.nd' Tound that anomalous mixed e;yspag_:?';: Lol

are formed in this system.

of‘mix;ng, down % a oonoentrat'ion of the microcomponént olt;f '
1020 wa1/1.

this cass.

No ianer adsorption compounds are disclosed in

ok

The orystals.have no lower boundaky

:
bl
!
§
H
¢
l
3
Iy
s
:
!

«x;&;wm&‘w :.7

[
;

& Soviet me&e-ehe-rs described the sulphate method of isolat- 3

ing plutoniuri and neptunium (59), based on the properties- of

Npl"",. Pu‘%‘% and Pul* to coprecipltate with binary p10vassium

_ sulphate and Yanthanun, K3;,a(soh)3. It was shown in ths.oese

‘1

rof plutonium that anomalous mixed orystals are than i‘ormed
singe Pul*" enters the crystal lattice of binar;wbotassium

largi;hanq;n.gglt ;- desplte the different valence of xlg.__nthanum
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reduotion -properties of neptunium and plutonium when acidified

] .
by potassium bromate. *

A method was elaborated (L) for isolating americium from
fission waste solutions conteining a fraction of rare earth -

elements. Coprecipitation of emerioium with potassium ui-anyl-

kbW, T ST s nn B an ek S W SR R

tricarbonate, K /UOZ(COB) 3/ ig used for the purpose. Amerivium
is first a@ié-i%%ed to a gwkmewevalont state by hypochlorite,

i
5o

£
g,
g
13
i
!
1
t
4
i
:
¢
)
k]
t

ammonium persulphate or ozons. The tricartonates are repeatedly
coprecipitated in en oxidizing medium. o

as

) Speotrophotometric analysis (62) of the behaviour of ameri-

PR

cium lons in solutions has helped in discovering self-reduction
of An* to Am3* by the products of decompdsition of water under
the influsnce of radiation of americium. A study was mgdé. of the
process of dlsproportioning Ams", which ocours acco;j’ding‘i:b
& & 2 32
3Am92~ 4 I}B ZAID-OQ & Am < 2H200

s R Y T
o8 Riuarecisnsecit fie

The hexavalent emerioium 8o’ formed is reduoed under the affect

of ius ovn rediation up to Am5" A oo

Electrochemical methods wers elaborated (éB) to 1801&1’56."“ ‘
‘fine o:d.de layers of plutonium and indioaéoz: amount P

Tr

and amerieiuma .o

w;‘ch‘i poles 150 om in diameter. The maximum energy of acoals at

el Lt

.

e o=
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ed six-ocharged oxygen lons emounted to 120 Mev, and of tive-
oharged nitrogen lons to some 100 Mev. Separation‘of the

transplutonium elements so obtained was made by the chrome-

R

*
st

tographic method. Irradietion of uranium with nitrogen lons

2

resulted in obtaining the einsteéinium isotope with a mass

7

P
- R

number of 247, and irradistion with oxygen lons produced the

IR
i
M R R VIS i, o e = ke

MO

fermium isotope, identified by the period of half-life end the |
. . &;v .ot 3
energy of the alpha-particles, The chromatographic netngd

D
b

i D

was hélpful in isolating californium, berkelium end curiunm,

isotopes to the amount of severel hundred atomsy .

By

dmong the radiocelements of i‘ission produ obay cesiﬁ

,13‘7
attracted great attention of Soviet researchars. B.Ay Za.’;.j;s

e

§
|
1
i
i
3
7
H
B

4:I.Grivkova,-E,I.Malinine and others (1957) developed 8 e
method for preparing its highly active sources. Cesium-l:)?
is extracted out of the elemsnts of fission products on a '
zealidue of nlckel-potassium fermoyanide, " Phe product is i
trefited with diluted ENOB, as a resul : :
of re.dioactive and chemiceal substahces passes im‘:o the solution
while cesium remains“in the residue which is. oxidizediz;zsuoh :
a treatment .and is transformed into niokal-potassium ferro-

v s

) oyanide. Subsequent alkaline . ureatmént permits to remove L

again a part of the substances, whi 1a ceaiun s‘aill r :

in the insoluble remnant . Acid-alkaline traaﬁment

DR

ed severa1 timas .

T S &Y Rl B -
mﬁ.«.“t
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v bl

completely legched out by water. !\Iosi'; forelgn radioiéaoftopes
remain then on the waste residus. The solution of cesium
compounds is neutralized by diluted HCl end ‘evaporated. If
required, additional purifiocation of chemical SubSténce is

. effected, based on the difference in the solubili’ay of ocesium
chloride qnu ohlorides of other alkalire elemenw. 'I’he ~above
method has made it possible to obtain preparations of gg_gium-
137 with a specifio aotivity of 20 curie/g at- ae_‘rad_‘iobl’;‘fémical
purity of 99.94. el

Among synthesized elemente, technétium presents.now a

_considerable interest. The great progress achieved in: the
buildi ng of rdctors permi ts to produce ever mo;"e‘pomi'fi;zl
flows of neutrons. In this connection it may bec.cma practical
1y profitable to obtain long~-lived isotopes of tqqﬁﬁéﬁﬁm—%

" ot of irradiated molybdenum ' LA

In the Soviet Union . Y B Gerlit (65) investigated aome

99 isola’ced out of: 111099..
ketones and amines, Many valen:h transiﬁ.ons cf tac

- were established and data obtained on its exidten

salting ou‘b egent, namsly K2603

' ,:" :
V.I.Spitsyn and A,F, Kuziz%"a 41957) ﬁave"iai.?e hethod’ for

‘1\!.,. e
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obtaining ponderable amounts of technetium out of molybdenum
irrediated with neutrons, making use of magnetium-amnonium

phosphate 88 & carrier., The method permits at onoe to separat

technetium in en ammoniacal medium from the basio mass of
molybdenum present there. Purther separation of teoh%etium

emd of the phosphate ion is based on the fact that when 4n a
reduced state, technetium is not absrobed by phosphate resiives
For this reason magnesium-ammoniym bhosphate is dissolved

in hydrochloric acig and hydrogen sulphide igs added .to the solu.
tion, as a result of which molybdenum is separated additional~
ly and technetium is reduced, Subsegnﬁnt precipitation<:f

magneslum phosphate under thess conditions no longer results

in a capture of technetiunm by the residus. The solution 13
then evaporated and the volatile chlorides are "removed from

the dry remnant by heating, The substances remaining in the

breparation are separateq by the chromatographic method 1n e

hydrochlorio or nitric aocld medium. After weating the filtrate}

oy

AT 4 s & B Gy e AL

with emmonta and hydrogen peroxide,-ammonium pertechnate.ig

“p,

isclated. The above-méntioned researchers obtained new daba on
the conditions of volatility of technetium at varlous ozida-

tion treatment of its concentrates. A study was made of the

e v P

reactions of conreoipitauion of technetium with verdous *
hydroxides, sulphides and other compounds,

Researck related to the rroductian ~r - ST A,

‘ 2000070006-2
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radioisotopes without oarriers has acquired an oever inocreas-
ing importance in modern radi'oohemisti-y. N.P.Rudenko-{67)
and other Soviet sclentists used for this purposs the msthods
of ocoprecipitation chromatography extraction, fomation or

complexes, slectrical precipitation, eto.

V.I.Kuznetsov (68) widely useq orgenic ocoprecipitents

capable of precipitating mioroamounts of slements out of
extremely diluted solutions, which makesg 1t possidble to
isolate; for instance 10~%0f the elemsnt out of a volums of
"seve'ralglitres. The burning of the residuss so obteitied per~
mits to produg:e 8 coprecipitated element.in the'.f'éi;_a:té ify@thout
carrler<” The above-mentioned researcher made afdet'ai:ipd

study of the mechanism of such brocesses. In some oagss the

i

copreaipitation of the radloactive lsotope and thas 'preoipi‘t;ant
takes place as a result of some bhemical analogy in thein
composition (for example, copreoipitation of non-pondérable
amounts of thallium with diphenyliodonium); sometimes the
intra-"comple‘“x salt of cetion in a miorocohc’ent:gatiqn?precipi-

tates with an organic compound, dissolving in it g;‘q_ »ix;s{tance,j-

radioactive dsotope oxinate with Phenolphthalein,, be‘ba_ﬁqg;ﬂﬁol E
end similar substances); Tinally, in other cages 'tkie radio-
. ¢ollold coprecipitates with oolloid-ohemie&fg;fgj’ﬁnﬁpcundag'(i:of
o \ . A%8mpls, coprecipitation of niobium, tentalum op tungatég 'ivith

A

a0

i

4

:

P . . - o ;
*. | baslc dyesturrs and tannin), A number op mthods have been ‘
i

I SR T SR
R AT P e e e et PRSI A1y
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“with neutrons s The faotor of concentration was ip this cage

of metals are suitable for obtain:!.
. chromiym;, molybdemixm and tungsten,
" wes as high &g '106‘ -Qérbonyls Mg)i( co) 6 and _5?(00)

v

AUFing the Betadecay of 1099 enq 4188
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elaborated to carry out such operations of copre_qipii;ation,

and new organic preecipitants Viere recommsnded

AN 2rdn and his associates (69) developed methods for
& ;
enriching radicasotive isotopes obtained by irradiating ¥

elanent-organig compounds with thermal neutrons or geammg-

quanta, The radioisotope atoms, whi chwera driven out of the

.Dreparation gng Wwhich pasgeq into an "inorganio ;form"'; vfg;e

separated by the methods of extraction or adsorption. wﬁgn

& tetrapheqyl-:germanium was irradiated with neutro‘ns(,! the yisla
-of Go’? amounted to some 90%. To obtain Bi210_ ;4 proved -
convenient to irradiate triphenyldichlorobis

mith; (CeHs) 301,81,

b
".
|
l' .
¥

e Ty e
4 .

of the order of 100. Still greater enrichmen ¢ (103-101*) was

achieveq by 1rradiat1ng the organio compound g of germaiziun;,

arsenic and antimony with gamma-quanta with an energy of 365 3
Hev (braking radiation of o synshrotron), S i

{'iQ.Nefgdov and M.A..Torpoova (70) have qhwg -tgm"b 1,_08 bon‘ssfg‘
ng enxicheq rad;g}a:gr;i?topes -of é

The factor ofenri ohmet | ¢
¢ Droved ylte |
abls fo:v 1solating radioactive isoto_pes T099m and Rel«s s

Tegpeotively,:. -
_’,I'hevel_ed%rochgmical method of enpi chxziant was appli

N;.i}?.‘ﬁﬁdanko and Z.V,Pastukhova (7I)v

N
mqﬁ"ls\‘a i‘ =
Cald .

Py
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isotopes of indium. Mletal tin irradiated with neutrons wes
trensferred into an intrecomplex salt with 8-oxyquinolins,
and its saturated solution in chloroform was subjected to the

action of an electrioc field with a gradient of 3000v/cm. The

SIS SUNICAP LI DR BVt

U E P S

greater part of t';he Inl:L3m so formed deposited on thes gnode.
Electrdlysis was carried out of a saturated chloroform solu-
tion of a pyridine-rhodanine complex of ocadmium, /Cd(c585§)'1+/
(st - o
In recent years the methoas of chromatography and sxtrao~

tion have found wide application in radiochemical researohﬁ

|
©q
3

i
4

This necessitated the elaboration of sclentific principles

PRI ST

of such methods, with due account Tor the pec}xliarities of the
rediochemical systems, the mioroconcentrations of radio-
isotopes. ) .
B.P. Nik«blsky (72) evolved 4 theory of ion exchange wnich
tekes into account the basic factons ini’luencing the erxchange
absorpﬁ on of ions by ilonites, namely the pH, the nature",”i. 2,

L Lk Lt e

valence and concentrationof the interchangeable ions, th:a nature

of the ionite and the composition of the soluti on, According

Rt S

to the theoxy; the coefficient-of distribvution of tha miom' 3
component ion { ‘i between the ionite and the soluti On dOes
not dapsnd on the ooncentration of the microcomponent when ths
,:sai,? baokgrouad is constant: - . :
s kP e (8 = - - Gonat

"

v

e et o L v

)

Ftﬂ
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i R A S Ry
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&N‘WMWMAM‘ oah.m-u L “‘M vu. m*m-set"ﬂmhnw W»‘ ¥
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where and. are the amounts of the ebsorbed lons of the :
mioro- and macroconiponent, €y and C, are the concentrations
of the respective ilons z; and 2z, thelr valence, end Tt ) "
is the multiplier containing the coeffloients of ion activity
in the sorbent and in ths solution: The numerioal value of i
' changes when the e ture of the macroccmponen® ion, and
its oonoentra‘oion change, as well as during the 1n‘orcduotio

*. 6f new ions of great concentration in the solution and during
changes in temperature and pressurs. 7 )

V.I.paramonova and her asscolates (73) conducted a number'

of experiments. on the application of the method of ion exchanki
by means of absorption curves to the study .of the state of
radioslements in a solution; the reglons of existence c;flthe
complex compounds so formed, and the determination of their
constants of non-stability. This method helped in olarifying
the behaviour of Nb95 end Z#9° in sulphuric acld, nitric acid
anl'l other solutions: the existence of ions of & new-type of
\ Az"" was established forq' 90 when 1t formed a cdmplex. witiz
lactioc aoid, and of‘ /LA 3 molecules when there vias an excess

24

of &ddeniag ’qo ions of the composition of were dis-

covered.

A.K.Lavrukhina aud ber assooiates (74) stunied the regula-

rities of lon exchange chromato zrephlc separation of rare ;

earth element isotopes. A 3.6% solution of ammonium lastate

- "‘.F
Lt /'\ \r .
+ ‘ *
‘,‘,.,-r-"\\ B ‘

T =
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was used 8s an elua@?t¢c "ith an ultra-low concentration of
the elements, their slution is peculiar of narrow peaks.
The addition of an isotopic carrier results in a shift of the
Dbeaks with a tendency of slower elutlon, and deteriorates
their shape. There may also ocour a superimposition of the
peaks of adjacent elements. The theory of separation of rare
earth elements by the chromatogrephic msthod was developed
by N.N. Tunitsky and his assooiates (75).

S.Y.Yelovich and V.N. Prusakov (76) proved that when stu-
dyiné radiometrically the chromatography of radioisétopes ’
cellh and Srgoon resin K¥-2, with ultra-low concentrations

(down to 16™7N) and even vith small volume speeds at which

Y
N v
4

3

4

'

]

ks

the current of the liquid moves, account should be taken of

T

the phenomenon of ion diffusion. The speed of the diffusion
prdcesseé proves to be of importance for the process as a
whole. )

The mechanisn of the radioelemsnt extraction processés
and the oonnection of the extraction properties with the ‘
structure of the solvent was studled by many Tesearchers,
V.M.Vdovenko and his assoclates analysed the dishr;bﬂxiah
of ué&nyl nifrate between an aqueous solution amd diétﬁyl
ether in the presence of various salting out agents (sodium, _
potassiunm, magnesium, aluminium nitrates, etol ). The distribu-
tion coefficient Airanyl nitrate grows in proportion to an

ATTTTTN AT gy
increase in the conce t;Ltion¢of4thsJaaa g out egent. At

T
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squivalent conoentrations of the ions, the salting out effect:
of the additlons under investigation grew in proportion to
the inorease in the cha?ge and the deorsase in the radius
of the cation. It has~been established that uranyl nitrate
passes into dlethyl ether with 4 molecules of water and ls
to be found there in a molecular staté. Solid phases of va-
rious composition, ranging from UOZ(N03)2-3H20(02H5)20 to
UOZ(N03)2°3(0285)0, are isolated out of the ether solution,
depending on the given conditions, Tensimetric eyxaminations
have permitted to compute the heat at which otber mleculss
combine with urenyl nitrate. The condit lons of extracting
uranyl nitrate out of dibutyl ether were also analysed.
S.M. Karpachove and her assoclates (78) compared the
effeot of various salting out agents during the extraction
_of uranyl nitrate with dlethyl end dibutyl ethers as wezl
as with N b{ltyl doetate. The quantitative definition of the
effectiveness of the salting oﬁt.agents has allowed 1o

introduce the term mequivalent of salting out® (amount of

salt; equivalent to one mol of urenyl nitrate in an eq&ilié

brium aqueous solution). A.M.RoOzen (79) studied the'thsrﬁoh

dynamios of extraction equilibriums of uranyl nitrate. The
~:sana ;esearchers (80) produced qnantitative data on thé pro-‘

cess of extraction of uranyl nitrate with tributyl phasphate
.togethenﬁith vairlous solvents,
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in studying the processes of atomic nuclei fission under the -} -

actionof elementary particles with high energy. Special
methods of radiochemical enalysis were elaborated, aimed at

separating and jdentifying the radioactive isotopes so formed. ‘

A.P.Vinogradov and his associates (81) carried out a
AN I
great deal-Of work devoted to studving the nature of the pro-

duots of fission of copper, sllver, bisputh and some other

energy of 100-700 Mev, The upplication of the preoision

elements by fast particles, protons and deutrons with an E_
: £

¥

%

‘ method of radiochemical analysis helped %o discover some
scores of new radioaotive igotopes and to osloulate the yleld
of individual isotopes during various nuclear trans;ormations'ﬂ;”
(fission, splitting, knook-out of 1ight nuolei, ete.) BY way
of 1llustration, the ylelds of 240 1sotopes (aminly from

Sr89 to Eul5b) were deﬁ}ned when uranium was irradlated with
protons possessing an ensrgy of 480 Mev. In the case of
thorium, 244 isotopes were discovered (from 8983 to Eu152},

- and 252 in the case of bismuth (from ca’? to Balzg) . The
4&5%&&?1& yields of varlous isobars distributed according to
their consecutive numbers have a dome-like shape. Their ' ,
widnh amounts to 2-3 units of the consecutive number.. Thé'fq
fission of nuclel by particles of high ener gy is oharaoterizéd“
by a constant distribution of the charge, irrespective of th@

mass number of the fission products and the consecutive numba
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., .

of the fissionable nuclei. The above research helped to
clarify the mechanism of fissalonof uranium and thorium nuolei.

under the effect of high-energy particles. It appears to be

¥ S i ey e a3

mixed: the exoited nuolsus evaporates s certain number of
‘neutrons, following which the process of fiséion sets in. The
excited fission products so formed in their turn evaporate
neutreons,

B. V.Kurohatov and others (83) made a similar study of tungs-

ten fission products, with deutr ons possessing an snergy -of

;
i
H
§

i
i
¢
1

]
A
!
«;
£
I

280 Mev. In this case, 28 radioactive isotopss were found,
ghiefly in the reglon of z = 33-52.
G,M.Gorodinsky, A.N.Murin and others (83) applied the

ohromatographic method to study long-lived isotopes of rare

i A T RS, KA A i

earths, obtained by irradiating tantelum on a synchrocyclotrqp H

with protons possessing an energy of 680 liev. A definition was%u
I

made of the helf-life periods, the type and energy of“radiationﬁk
of tge isotopgs so diséovered, ineluding the new isotopes

. of gadolinium,

Thls paper, brief as it necessarily is, could shed liéht

only on the major trends along which radiochemistry deva*oped 5,,
in the Sovlet Union.

Twenty years ago; radiochemical science in tbhs USSR was

" represented but by a small staff~of~1ma~Wadrum‘Iﬁs%itute.
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Today radiochemical research 1s being conducted at many
J.nstitutes of the ULSR hcadeny of Sciences and at industrial

ressarch institutes, at the chaeirs of higher educationeal

. '-_—\—d-"
estahlighments and .at factory labor aborl es. Humsrous staffs

of research radioohemists &rd engineers have been trainad.

The scopse of sctentisic work on radioahemistry is enlarged

vear in, year out, und the renge of subjects is being extended

in this country. Soviet radiochenis ts are proud of the faob

that they actively particlipate, jointly with sclentists of
“furthering the peacefu ul

cther countries, in Lxx XBAIIEFXRBRE BF !x:mm application

of atomic enerigy for the good of menkind.
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GHEAICA, STUDY OF &7 IN0% slliC TOLYCCHPOUNDS

4y Vietor Ipltern,
Profzaeoy of .nscer Unlversiéy,
Cexyaeponding -emasr oF the ULSR
Agudemy o Sclenoun

Derivatives of aquopoly e&xd heteropoly asids are the
most importent repressntatives ol the inorganie polycompounds
slass, IV 1s elready for over 130 years that hetsropoly come
pounds have ésen the subject of mumorous investigations.
Bundreds of their specimeng have been synthesized, Many hete~
ropoly aecids and their salts have found valuable practiocal
application, Yet some important prodlems of the chemistry
of hete;oﬁoly sompounds have not basen safflclently clarified
to this dey., These include, for instance, such problems as
besisity of heteropoly scids, the meghanism and individual
stageg of formation of hetercpoly compounds, the role of water
in thig procssg, and the strusiure of heteropoly compounds as
a whole and of the strnctural unlis of thelr inner sphere in
partioular, The solutiorn of thegs problems is also complicated
by the fact that the strusture of crystalline lattices of hete-
ropoly compounds may differ from the strusture of their mole-
cules in solutions, '

The application of varicus physieo~cheﬁical mathods plays
en important rc;i 6 in studying heta*opgly mﬁpcunasa H.N.30bo=
lew (1) inveatigated the propert e& of nhosphotunnatie acld
in solution, employing the m%fﬁ}ﬁgof dial}sig, i;éscopvoebul-

lioscopy and sonductometry, He was the first to establish that
the 8to7e hat erOpolggeFid is not a éouble compourd or an
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igomorphous aixture, as suzpocied by some rausarehsrs, bub
ropresents 5 ocowhlex subet=nee & « dlageciatior in diluted
sclations,

In measuring the surves of neutralizatinn of phosphomslybe
dds and phespbobungatlo aslds, A,¥i2a%i {2) altelved et the cope
cluslon that these comprusds pesssssed high basiclty exceoding
that of phespkario acid. Similer resalts wers shtalned by
A.Rosanheln and his asscalatse {3) with regard to sowe unsatur-
ated heteropoly asids.

A valuable cont@ibutlon %o the development of the chemistry
of nmeterspoly acids was mads By the physiszechomiszal research
condugted by @.7andsr and his assocfaten (4), They achioved theix
resulte by applying the methods of diffusiom, iight absorption,
and potentlomstrie, scondvotometria and thermomsirie Sitration.
While studying the condfitionmz usder whish heteropsly sompounds
ars Loewed, they sompaers€ the vshaviour of solutiong of mormal
Bolybdates and tunpstater ie an asld medium. According $o
Jander®s atudies, when solutions contalning saltp of acidsg which
form a heoteropoly sompound are asidified, ss, for exempls,
tungstate.and arsenete, theve first appears $he anion of an
aquopsly compound namely hexatungstate,

6(woboaq)2_& 73& = {HWg 0210 Ra) >a 35,0
and cply then, already in a strongly seld msdium, a hetercpoly
compound is obtainsds

2(BW, 00 .20) * 3 Byas0,

end B

1

s 45" (ByFg021 )0 1

A T b
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The trangition of fon (waaﬁzloaq}5° %o ionf!ﬁ3ﬁéogl}3“ 80%=
raaponds Lo the transformation of paratungstads into metatunge
gtate,

P.Sogshsy {§) appliel the rolawograpibies mothod t6 study the
srocess of hydrolyels of silioors, phosphe~ and hore-tungstates,
ocowrring undgr the aYlset of caustln alkall and resulting im
hetsropoly oompounds. e has proved thzt a number of mobile
equilibriums besoms esiablishad in this sese, ‘'he »everse
reastions of formetvion of unseturated compounds proceed in a
similar way when solutions of unsaturatsd heteropoly acid salts
ars acldified,

The author and hls assodates used traser atoms and the
msthod of lsotoplios szchangs in studyiag t‘ha propertle 8, strusture
and reastion capasity of asome agaopoly aul heteropoly compounds.
The isosope methods were sombined with vaerious physiso-ohdmical
ways of investigation {dialysis, polarography, the study of
speatra of lizht shsorption in the ulira-vioclet mnd infra-ved
rsglons, e%t.) As a rosult, it bostame possibdle t¢ obtalm pew
data or the proparties and struoture of sguopcly and heteropoly
compounds end t0 galn some new 1dsag wegarding thelr strusturs,.
4n opinion was voiced that the process of formation of aquopoly
and hsateropsly compounds greatly dspsade on the propsnsity for
hydroger bead of tihe anionz of eclds, varticipating in the gald
reaction of formation of the complex., I% may be aspumed thag
hydrogeniops £1x the enions participacing im the bullding of the

=A4 Eﬁr ﬁwsy
1N -‘Ai ,}‘.x‘p b 3

W Uil
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complex ioh. ‘part frem thig, ercount shouwld be inken of the
possible role of hydroxonlwi: ions {n the laner sirusture of
aquopoly and setsropoly enlonde

of sonsiderable interest is the prohlem dealing with the
pechaniesn of the initial stages of the reamction wilch leads o
the formation of heteropnly compounds.

By uaing the elepivoatemical method to obtain heteropoly
gompounds, V.l.Spitsyn sud K.2.Koneva {6) have shown that the
mixture of NazﬁPOL and NasW0y passes through a series of stages
of formation of mon-saturated heteropoly compounds or of thedr
double salts with Ney¥o, in the aneds space of tie slestrolyser
with pH of the solutions being gradually reducsd, before phospho~-
tungstate of the satuxated verles appears. Interaction botween
NAoWO,, end phosphate lons has alreedy bean recorded with pH
amounting t© 7.5 = 7o The composition of the erystalline pro-
Gusts evolved from the solntloms after electrolysis dspends on
the magnitudszs of pH so obtainsed zs followss
pH of soluticns 7.2 6.3 5,0 40 3.0 2.8 2.3
Ratlio PsW in
sryssalline produsts 133 136 137  1:8  138.5 1311 1112

Taking thesa results into actount, it might ke sonocaivable
that interastion betwaeg phosphats end tungstate foas beings
already in the alkalina medium when the acid tungstates are nod
yob formsd. To chesk the eorremness of this assumption,

VoI, Spitsyn, F.M.Spiridonov ami I DuKolly £195%) studied ths
rortsd

e
r_,.—-,—m" ’ T

C A \,nu!
P B
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process of interastion beotwesn sodiuun phosphate, Nay#p0, , and
standard sodiva tuagstats, RapN0), by the mothod of self-diffu-
sion, uwsing tracer etoms of phosphorus and tungston, p32 amd
w’~85., The teshmiques of investigetion repsmbled the ons
developed by J.Anderson and K.Saddimgton (7) for mpasuring
the coefficlents of diffusion of tumgstate fons ad varfous
rates of pH, using a tracer atonm ‘a’msn In our expsrimente, ths
soiutions of Nazwoé/ggzgggir riztares, tagged with radiocactive
isotopes ware posured into capillaries with a soldersd bot tom,
which were inserted in a solution of exastly the seme composi-
tdoz, but without redicastive isotopes (Fig.l). 485 a result
of selg-diffusion, ths concentratiocn of tracer atoms desroased
iv the eaplllary. The coelfioient of diffusion of %hs anions
under investlgation vas computed by means of Fiok's law. Normal
sodium tungstate, NapW0y.2H-0, was sslested as a compound with
a lnown molesular weight. The ionic walghts of phosphotung=
statas were sompared with the lonle welght of merwmel tungstate,
provisionally taken as a unit,

A% 8 temperaturs of 20°C and with pH about 8, the coef-
ficlent of &iffusion of phosphate ion sxceeds almost thrse times
that of diffusion of the normal tmngstats Llons

Iog pH Wotficie%‘& of diffusion, D,
¢nd/sec

mpo, 2 8.3 23,0020
Wy~ Bod 8.7.10°¢
mY

o
nﬂ!ﬂq“\ !'!A.\' ' _:»3

Ax )

>
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1f such a quantity of phosphorus=-tagged anﬂPoh is added
to a 0.1 molar solution of NapWoy, thet the ratio P:V amounts ¥
1:12 op 1:6, the coaffiolent of phosphate ilon dir fuzsion
abruptly diminishes and approximates the magnitude typleal for
tungstate long

PiW ratio pH coerficlent of djffusion of lon
HPO, 2=, D, om</seq

1;12 8oby 11,0 o 10°6

136 801 6 2 0 10 6

By tagglng both salts, Wa2HPO, &nd NagWop, with radlo=
active isotopes, ws found that phosphorus end tungsten poBSes-
ged in sush conditions practi cally the same cosfficients of
dirfusion:

P ratio pH goeffiolent of diffusion,
D, en2/seg

phosphorus - ~ tuagsten
06 N .,6

136 7.8 603,10 5.8,10

4 radlomstris definition of 232 and w83 with both of thea
veing present was mede with the use of aluminium £ilters, as tha‘_-j_}
paximum energy of bata-rediation of P32 (E 3 1,701 Mev) graatlg
exoeceds the energy of rediation of W185 (E 8 0,420 Mev)., The
methol 1s outlinsd in the paper referred to above {6).

The sald results lead to the gonolusion that the ions of
m,f’ and wokz’ {or wobz‘”o 2F50}) interast already in the

alkaline region, with E amounti ;,\_3-»
o @d Qabl. fl GOk NL!

forming a complex ion _
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with the mass sppreximatling thab of a single tungstate iom.
It should be noted that sompouncs of this type have bsen
mentioned in yublicatiozns (8), am, for exa'nple‘a LW030P205,
05,2203, and Nazd W0 3.¥20%, slthough so far they have been
obtained only out of moltsn medis. In an &5UI0US meddum, ths
.. and WOg<~

Teaotlon betwean the loms of PO <~/eprears (o oofur 8s & re=
sult of the appearance of & hydzozen bord acaordiag 0
(POE; coo O4F 77 ar (APO), cov HOH coo 0W0Z0 wve rioH)4,

on the other hand, V.I.cplesyn anl Vol oNOuGTR, Y BRing
tho meothod of tracer atoms, Lavs rroved %b,at. sodiun natatung=
stats, pesuliox, according to Jender, :k;.?t the anlon
(33"350”1)3” ag dosp not inharast dlpsotly with pkesphate ions.
The roastion sscurs only during suboequens aciditisatior of the
mixture, Hence, Jander’s cappesition rogarding the initial
formation of aquopely compounds and their subsegueond reaotion
with complex=forming aclidp does ot sonform te the recently
obtained experimental datz. The PIOCEBS333 of formation of
aquopoly and heteropoly sompoundd ocour in the solution
simltanoously and in parallel 6 the lowering of ¥R.

The initis) steges of the reactions %o obteia hoteropoly-.

enions are to scme degrsé acacunted for by the above resmlts,'

Theve 23ill remaine, hows¥el, sush to be slerified mi %o the

msohaniem of the reaotion of formation of ﬁamttmg,sta%aq
V.1.9pitsyn end E.A.Torchenkova {3) studled thie procese with

the aid of tracer atoms, us ing the redioactive jzotope of mnge-

: QLY

—

B
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tor ~ %% (poried of harrelite: 73.2 days).

The solutiens of Hawok and of non-actl ve sodiunm paratung-
state, brought up to a certain valus of PH by adding & small
qQuanti ty of HNO3, were poured together and were kept for a fixed
time at a constont temperature, In termm of tungsten, tha
conoentration of the solutions of pormal tungstate emounted to
0.02=6 mg/ml, and or paratungstate to 4=20 mg/m),

The transformation or normal tungstate into raratungstate
vas detected by isolating into the residue of alightly soluble

diym-cesiung
mixed of paratungstate whish aceoording to oup
inveatigationso using the convent ional formulae, has the com~
rositd on N&zCBBEB/Hé(WOh)ﬁ/g 4Hp0 and osptures, ag a rosuld )
of adsorption, not wore thap 005=0,8% or Nagho, out of the solu-
tion,

It appeoared that the exohan ge of tungsten batween 2o0idir~
ied normal tungstate and Paratungstate does not oocur instantape
80usly. Thus, with PHE emounting to 6.8, which oeorresponds to
the region or oxlstence of paratungstats, the compound is rog
formed at onos (Table 14

y e~ : - - 3R002000070006-2
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Tablse 1
Speed of transformation of NaywWo, into paratungstate

Temp erature:259C; pH: 6,8

Duration of Transition of tungsten-185 from Ne W0,
reastion to_paratungstats, per cent

Smin, 2.6 (average 3.5)
1 hour 10.8 (ditto 1002}
2"t i s )

A5 stated below, the isotoplc ozohange of tungsten between
paratungstate and the product formed durijg ths aaidification
of Ne w0, procesds by far faster than the tims taken %o obtain
the produst, Henos it may be assumed that 3-10% of the
exchangeable produet ls foarmed from Hapghl, in a short period
of ¥ we (5 min. = 1 hr.) at a tempevature of 25°C, and 65% in
268 hours. Suoh a beshaviour leads to a ceritical eppraisal of the -
views expoundsd by Jander {10) and Souchay (11} on ths mecheniem
of formation of paratungstate in selution, according to wh&oh‘,
at pH amounting to 6=8, the normal tungstate iom, fiximg the
ions of hydrogen, instantameously changes into a hexatungstate
anion (H‘f‘!sozlnaq)s" corresponding to paratungs’&am;

The transformation of We %0, inte a product exchangeable
with paratungstate is accelerated at low values of pH end is
rotardsd with transition to & noutral modium (Table 2). A% the
pame time the coneclusion should be drawn that the normal tune-
with the para-

state lon exchanges very slowly fﬁ‘é’gﬁ‘—"-@s’r’oﬁt"n‘f
BF g 0 i wmr
RN Ui

-
—
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tungetate io08.

Table 2
Tatluense of pH on the specd of tranpformation

of RagWoy into paratungstate

Tempezaturezzsocg duration of reasetlion: 5 min,

rramsition of tungsten-185 from NagWo to paratungg%?teo

3,03 L5 {(average 2.7)
22,53 18,1 (dfitto  20.3)
28,43 28,2 {ditts 28.3)

61,03 49.4 (ditto  55.2)

AP the vemparature rises; the spesd of transitiom of

Hagw0y in paratungatate increasss {Takle 3o

Table 3 N

Influcnce of toemperabure on the gpoef of transformation

of Nagwpﬁ>into paratungstate
pE § 6.8 = 7.0
Tomperatir oo §§33233§9°§ours T§§gg}%§;gﬁ°fﬁgugggggg;éﬁﬁ
state oot
25 ' 305
50 25,9
25 18,0

50 52.0

FER Orndid Loi BRLY

e
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Hence, the conelusiocn may be drawn that the reastion of
formiprg paratungstate when a solutfon of normal tungstate ig
acidified is a complex precoess whioh escurs slowly end which
possibly consigis of seoveral stages.

An impor$ant feature of paratungetates is that some of
their properties scnasliderably chamge when the aqueous solutions
of these ocompounds ars kept for a loag time or heated, The
elsgtric conduotlvivy of heateé and then oooled solutions of
sediwa paratungstate is much higher than the initial one (12).
Fresh solutions of sodium paratungstate are precipitated in
gold by scme reagonts {13, 1l4), bubt they do not exbibit sush
reactiong after heating,

Proseeding from polarogrsphic studles, Scushay (1) expreéuf
sed ths oplinion that there exist twe kimds of para%ungstatég one
of whigh (A) i8 formsd during asidification of ndémal sodium :
tungstate, and the other (B) during the dissolution of orystal-
line salt, IV was agsumed that the sald medifications differed
by their hydrate oomposition. ‘

V.I.Spitsyn and G.N.Pirogova (15) studied tho properties —
of sodium paratungstate solutions, depending on the conditions B
under whish they are obtained, the temperature of heating and the~
timo of kssplag. For this purpose the methods of dialysis;
polarography, shromatography end light ebsorptien wers applied.

The colecular weights ‘of the ions present in 0:01 molar

P R Tt

tungstats solutions were %gﬁingf"BE'h&ééféi#ﬁtbﬁcugh a cello=
wt LR R L

=
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phane membrane et 25° Co. The moloouler weight of a hydrated ion
of normal tunrstate (V:oﬁ" o 0 2 28L4) was taken rs @ unit of
gompariecon, The fresh solution of erystallins paratunyatate,
HaloWi2041 . 2BH,0 posassced a molewlar weight of about 3000,
whish wsll corresponds to ion W1203119- 28850 {M=3368), After
the solutlonm bhas been beiled, the molesular welght of the anfons
diminishes to 1500=1600, 1.0, it 1s practically halved (Table L)e

Takle &
Coefficlents of dfalysis and molosular weights

of soms tunsstate loms in golution

Gompound Charastaristios Coaffiaiant Molecular
of solution P2 of dlelysis welght,
M

H&g?iok_o 2?!20 800 0(:236 231#
Nay ol 204 - 28H,0 Presh 6.1 0,072 3000

E‘;&lowlzﬂglc&gﬁzo H@g:@goggg 8 hrs

6.2 0,098 2600
g}ﬂz‘#{kela ° lOHgQ 3 ) 6 0.0 33 1&000

The phenomepon so resorded may bo expresssd by the equation
BegoWyalyyo 28H,0  2N95/H300Wg0py fo 12,580,

Evaperation results in the foxmtion of orystallins imm«-
tungetate which, when in solution, agein exhibiss a doubled
malecular weight,

Whon solution Fﬁ%go. .#‘?,ﬁ}?lﬁfifieﬁ vwith nit;xic acld, the N

q:?,'__ -

SHOUT L, i—;i &fﬂnﬁzy
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composition of the anicns so obtalned depends oh pH and the
duration of the reastlion {Table 5). It 1s only in the reglon
of pH amounting to 7.0=6,6 that hexatungstets Lons are { ormad
at once. With pH amounting to 6.3~6,1, lons vith & molecular
woight of 5000=10000 orse t he first to appear. Ten days later,
the welght drops to 1500, Jona of the (H30.W5021) %"« nHzW0424
typs of high woiesuler welght appeer to be formedin this ocase.
I the course of time they becoms subject o disaggregatlon,
apiitting off the lighter hexatungstate jons, ‘This phonomenon
ig manifested still more diptinstly during further acidifisation.
1¢ pH of the solution is brought down %O 5,8-5.6, the molecular
weight of the anicas 80 formed at first reachoes the encrmous
magnitude of £3000-120080, and efusr being kepb for 10 days
giminishes bus to 14000, Such a molesular weight was exhibited
in our expsriments by scdium motatungptate, NasW;013° 105,00
whioh corresponds %o jong polymerizad approxi nataly 12 tipes
by H30 (5704 3{HWO, (Bz0)6/270F /1,01 3¢ 2080/%" 1one.

P

Wil BTz U0 'J

g
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5

Taple 5

Chanpag &n the oosffisients of ainlysis asd molssular

woimhte of anlons during the keepins of goidifiod

solutions of Hag Wl &

h‘ba
Time of ksepiug goeriolents of dialysis Holegulay weig
vhe solulions Bivestly  ALGer %eening Direstdy
{days) after nclde the solution  alter agld- kaeping
i{rioaticn ifying the Gthe
soluglon polution
0,185 " 0.129 1500 1300
0,102 G175 5000 1600
0,072 00180 9960 1500
0,029 0.052 550090 35000

0,016 0,856 420000 14000

The tremsformetions detested in the tungstate solutions
ware llkewise confirmed (16) by the polarographlse nethod with
tho aid of Geyorevsky's mioropolarogreph, The results of the
polerographis examinations are glvea in Pable 6 spd in Figs. 2
and 3; It ohould bs moted thet 1t is not the initial sungstate
lops that are pressnt in a strongly acid mediwn in which tumg-
states are, a8 a rule, sujpbected o polarogeaphy, Wit eollqidal
$ungatic asid or metatungstie asid, In this respest NagWy, and
a £resh solution of paratungmaw bemwa in a similar way

L&) [q-.

PLl gy

{potentiala of half-waves: c£w§ '3.}9 tglisas fam..ﬁng ons and the
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pame produst im en acid mediur, A tungstate solution which

pas hoen pubjected to boiling producss already & A3t feront

polapogran with two wavss (Elllzﬁ 0026 and Euu,gg Ookdy V)5

wideh ressmbles o a great oxtent the polexogmems Of gsoddum
motatungstate and motetunpatis acdd, Dy 1ts strusmrs tho
hexatungotate lon zoeans Yo ve kindred to metatungsiate end is
1ikeiy %o be ivs ptrustural unit, The Bbove wronstorussion of
paratungstate 45 polaewrographically wvoasrded teginning vith a

o
tomperature of 35% and torminates at 80 o

o -
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i The sama variations in the behaviour of fresh or heated

W it

paratungstate solutions are observed with pH amsupting to

il

5.0-5.6 {acetate buffer) and against the baakground of K 80,
{Fig.3). It has long since boen known that more acid (by ths

5 W0y contens) tunzsten compounds ars raduced more zoedily to &
quinvelent state. Thls may account for the lower potendlal
of tho beglnning of reduction {=0.26 v,) of netatungatic acdd
(ezporiments 3 and 4, Table &) es compared with oxdinary tunsa*ie -
aoid (oxperimonts L amd 2, Teble §). The latter is, however,

also revealed during polercgraphy as & produst of partial B
deaonpodi tion in solutions of metatungstis asld, procuelnz a
halg-vwave with a potential of = O.kh 6F 0.40 ¥vo The prosents
of coveral waves on polarcgrams regorded im tho metium of ar
acotate mffer and against the background of Ko50, appesrs %0
e rolated teo the presence of soveral eqallibﬁm forna of turg~

gton compounds which ere roduced (W6 ) at verious \i
£ potontials of half-waves. In the cese of a poutral oF & weakly
3 acld medium, it iz unlikely that ome amd the sare anios passes |
through sﬁeeeasit-‘e stages of desper redusilon. \
Phe kinetice of trensformation of paratungstate lons into
hezatungetate ions may also be traced by means of ebgorpy Loa
gpeotra, The sxperizeals Wors sondusted in the ultrasvioled
roglon (220-290m )}, Fresh golutions of sodiwm puratungstate

produce a Curve which drops down abruptly as the length 6% the

P arats

5 vave increases (Fiz.l). During the keepini ?f the molutionsg
Uit

hui“ s mw A 1__

E-r'ﬁ ~

e =
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ths arop of the curve in the region of 245-260 m s retarded,
and a platform appears there, followed by e maximum with She
léngth of the wave amoumting to 256=-257 m . This maximum
increagses slowly in the course of time and roaches a.oonst&nt
magnitude a moath after the solution has boen preparsd, Sube
gsequent observatlons aurin'g the year proved that there were ne
thanges in the opticel properties of the sclniions,

Similer phenomens, thoughet a mors repid rate, take place
whon paratungstate solutions are heated to the boiling paint
{Pig.5). In three hours there appears e maximum 1a the rogion
of the length of waves amounting %o 256257 m o Its helght
attains s constant magnitude after the solution hes been bpiled
for 10 to 16 hours. The ocoincidence of the values of maximm
of 1light absorption for solutions which have been kept for a
long time and for those which have beeén hsated leads to the
essumption that the sams prosess oocurs in both ocases: transe
formation of paratungstate fons into hexatungstate ioms which '
ars in corrsspondence with the above maximum, It i8 worth
noting that in this ease, too, similarity is revealed botwoen
hex;tungstato and metatungstate: thelr spestra of abzorption
are quite approximate (Fig.3).

Directly aftér their prepsration acidified solutions of

NagW0, produce absoiption spestra ap curvas vhlch abruptly drop

as tho lengsh of the waves inoreases. In the courss of Wms ‘
a plstform is revesled on the curves, and then a maximm. This .

FYTIEY
N N
Fesd b5, ‘ Lon Bl

L —

. =
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brososs ooeurs, however, slowar than in the case of sodium
paratungastate solutions,

Pinally, 1t should be noted thad fresh or boiled solutions
ot paz'i;.ﬁungs‘catg behave in a somowhat different way ia relation
to anilonites {16). The sorption of hezetungstate lons oceurs ‘
to a markedly lessor degros, partiocularly in the sase of seall

concentrations (Fig. 6).

0f great interest is the similarity of the studied propert-
ies of hexatungstate and metatungetate, The tremsition of
paratungstats $o hexatungstate during the boiling of the solue
tion possibly reprosents @n important intermsdinmte stage of
fepmation of motatungstates. On the other bead, hezxatungutates
ars likoly to bs the most immediate produsts of metatungstate
hydrolysiz. ’

The abuve-desoribed exporiments demonstrate that o dilated

. aquopoly compound may have a &lfferont struoture of thée iom
ag sompared with the initlial sudbstance. Apart frem this;
in the first stages of formation of squapoly conmpounds thore
coms inGo belang highly polynerized amions which bub m‘muy
beoome pubjoet So dlsaggregation, .

On the bapis of ths new oxpsrimental findimes oo obbained,
it iz possidle to comsider in groater &etadl the yroblem as to
the phenomona cosurrisg during the oldification of solutions
contalning components likely to form heteropoly coipouads.

We shall axprass ocur cfplnion on ;@igi.@%ﬁﬁg prososling e}fisz‘e .

Tead Wi et WL

- -
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1y fzon the analysis of tungaton derivaties which we have
studled In greater detall and, notably, of paratungstates,
matabungstates and phosphotungstates.

It has often been stated in publications (4) that the
fermation of an aoid tnngszate; an aguopoly compound of the
paratungstate type, 1s the primary stage of the reaotien
oocurring during the acidification of solutions of normal
bungotates, And yet 1t bas been pointed cut by mny vrescarsh-
org that the sp-called “white hydratew of tungstie aecid,
approximating HaW0y.Ho0 by its compesition, zsraqiyi%ates ia
the initial stage of asidificatiocn of normal fungstate solue
tions, followed by iis a!.ssol;xtlon and the formation of acdd
salts, namely aquopsly tungstates. V.I.Spitsyn and K.G.Koneva
{17) observed izoclation of the residue of white tungstic ascid -
in the vange of pH empanting to 8-§ whon phosphotuagstates were ;
obbained slestro-shemically. G.S.Savoheako (18) recorded the ‘

formation of tunzotic aold in the sams yangs of »H whon Btua:yi-
irg oxalate complexes of tungsten, Finelly, the akove resulis
0T the sxperimonts on the dlalysls of acidified zolutions of '
BrpW0,, bave shown that anlons of high mplegular wolght, whlsh
undoubtedly contain a great deal of tungstlioc acid, are the first

produsts of the reaction in question, =

It may be thus assumsd that the formation of tungstie .
acld, HoW0,.Hz0, 18 apparently the first stage of the reaction .
which cogurs vhen agueous solutions of normal. tumgstates are
FQR @ﬂi't.}u‘ul. et t:.‘;.qﬂ

[, U T T i i s e Sty Sl

———
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)

asidified, It may be presumsd thab ins certain range of PH

(8«-6} the sinultansous preeence i possitle of toth the fons of -

‘ﬁ% which aid pot partieipate in tho reaction end of ths tungs~

440 acid which was peing foxped, Thers OAGUY processoy of for-

mation of aquopoly asions and of more complex heteropoly anfons

with the participation of tungstio acid and Wog iong, AbL tho

seme time one should take into acoount the rise of concentra=

tlon of nyﬁmxanmm ions, }138 p in tbs solution, as wall &8

the possible appserancs of hydroxonfusn formsd of tungstioc esid,

0} W0, o

Emgﬁ:::ict&:ia:ie) ?é.t.f: 4o sbove conslderationsy V.I.Bpiteyn

{19) suggestad the following soheme of formation of paretans=

state aniong from normal pungotate with ph amuﬂmng, %0 8o

‘ 3-30‘3 0,% /Oy coo mo&)sj )

fa50tw0,)3/ 78 PlEIEW,  JOH oo {W0,) 3o o (B Hg) g(a0) 3

From the viewpoint of the pabus s and Btebility of chomieal
tond, eil Sk hydroxonium lons should be comzidered in th{is
cast ap equivelent (Fig. 7)o

The aal%s of the ccumpositien 53%0» 4270 3o 24520, L0860 para-» -
pgstates, correspond Lo emion /oﬁatm&)aim%) (330) 3lE0) 3/

pue %o the hydrogen bord, additional mlwales of weber may 3o$.n

the hydrogsn atoms of hydroxopium jonn, where the goordination
pumiar of nyarogsn has no been used % s full, For exmnp).e_,g

gsdiunm paratupgotate wng a sompositien of NayOWigaOpy. 228500

W

i i o8 B S 1 i gt T .

\’u’éi
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With pH below 5 (optimun conditions; 4.5-3.5), aquopoly
compounds of tungsten, defimed by tho ratie Hep03W03 oqual
to 1:12.4 (paratungstates), ere transformed, as ip well known,
into mere asld compounds with the ratio hieaomog equalling 114
{netatungstates), Sodium metatungstate, NagWj013.10H0 o = |
HagWy2039.30820, 48 2 most important represeatative of this
clasp of substenoes.

The arove reastion may be Pepresented as a prosess of
aggrogation of two hezxatungstate lons (paratungstate) due to
hyirogen bondss

2/830 (V0,,) (WHO,) (H30) (Hp0) 3/7"8 kHs0 & 30

/{B30) 310, +H30) 9 (Hz04) 3(H20) /5"
A possible strusture of the matatungstato lon, in line vith
guoh an epproach, is given in Fig.8.

A.A.Bakuphiin, G.V,Takknevlioh, Y‘,F.,Beryazkiag and L
V.X.Spitsyn (1957) studied the infra-red spestra of abuorpticn , :
of various sodium paratungstate hydrates. Sodium j;aratunsqﬁgﬁef;-
sontaining & noxmel quentity c;f' cazbined water exhibited
in tho regzion of high Sroquoncies (3000-3800 om ~1) 8 complexz
kand of absorption consisting of four componeats (Fig:¥).

The band ap & whole ip relsted to tho man&fes?ation of &
hydrogen bond b#‘-msea the moleocules of water, Individual
maxiis of this band (3260,3380,3460 and 3540 em"l) indicate
that there are several forms of Wond of water between one

another, as wall as a bond wiff&,"tm “gunggten, atomo Tho g
LR J-i:‘ i.'

——
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maxims corzespond to the molegules of water whish are at dig-
tancos ©F 2.85 2.T3 2.9 and 3.1 Ao Anelysis of tho spestra -
of abgozption of sodium paratungstat.s golutions in Dn0 has led
to the sonclusion that the hydrate of Hag0Wy 2011 .20H0 eon=
taips water in thres adifrorventd forms of coordination. The
rosult $s in general ngroement vith the above gobus of forma-
tion of the peratungsiate don.

In the tzensition o lower pydrates, the coopdination
of watsy in paratungsltate aBsumes another Lol Blmtl%?nsttualy
with this, the structurd of the ebm@oum undergoss an abrupt
shengo. Anslysls of sodiun netatungstate by the Banrs me%lwa
pointed % the prescacs in 4% of %wo foms of ocorﬁiuatzoa of
mee?; cns of thsz, &8 in pa'vamngstatam. 13 effegted in ths
fosm of a byfirozyd wordined w&th the Yungsten dton (Waem.‘ 7

A3 to hatoropoly compounisy thel smwwem feon ma -
vw&yaim; @f hydrogen bonds end e:mnium m@ﬂg my be; .%px'eazmﬁ.
eh An t;m wsa of phoephotungetates a8 ralma (19 4

mn naw.al tungotate 43 a@iﬁ%ﬁ'ﬁea in !;m p‘x'esema of  —
pm.spm o S.GE& \ug @a B &}»’iq ph@apmmnmaw lrr’ %he unsamz’awa
serion L i‘o«m'& wi,‘m -:sha ﬁaﬁa Pm 343@!.

i {
appoers to procsil e;.gmrﬁiug ta @m fa}.lwins aemaf

.
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POOR-ORIGINAL

.:Js_"_\-,._a Sl o -

FOR 7y GSE Gty

a%e

(PO Hoo o000 0Hp0) 48 B (PO,Boo o0y 00 oB50)

Further v
Oﬁzo o o?{!‘,ﬂo a oOHg

/20,5150, ) (H40/>"5 2(H30) W0, PO, Hoo §w%m o0Hy

0
o

H
Oﬁzo uO%Ho o oﬁﬂz

Tho salts of the oomposltlon Riep0.P20506%05016H,0
correspond to enion /P%K”‘“’b?‘Ef"""a?z.(ﬂaf”amz?):a/? This
ecmplex enfon may additionally include in its composition
woleenlos of water dus $o the hydroges bond with hydrozonium
o wo,f’ ions. The salts of this asxiesn nre ganeyally raxarasam
ed by the forxmule 3&?@200?2050%930185300

_ When the acldity of the msdium is raised, the "white
kyara?.e“ of tungstie asld, Hpi0, o0, manﬁfests;. as S.Q ﬂeﬁ.
knewn, a propensity for transitlonto a yellow hydrate, gﬂ%ﬁo
A 8acrense in the ancunt « gombirmed watar per ) atom of tunge
sten 38 also regorded in the ceouplex enlons of aquopoly and
ha%eropoly compounds ag pH dao@sﬁé@no ’

In the oase of phosphotungstates, an ingrease in ths
rolatlive contant of tungsten in het‘ﬁrapol} eafonn results in
& greater role of the HoWD,groups and a smaller mumber of
bydzoxoaium fons in the complex anioms. The following
strusturas may be assuméd for phesphatungstate ions of o

a F"?P

~Lrg—

————

T
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different degres of sawration with tungsten,
wWith pH emounting to 6.5-6, salts are formed with a ratic
Pi¥ 8 136, wadch have a composition of the type 34820.P205.
1.2%39185300 The posellle structure of their anion /PO, (HaWL) -
6(339)3/3‘” 48 shown ia Fig.lQ. '
Fith aeldlty of the solutions about pH 3; luteaphospho-

tungotetes are formed of f;hé oceposidion 3&1326.19205.18%‘93.

l%p_with a yatic P3¥W = 119, The essured atrapture of Sheir
anione /P%(Hg‘a’og)g/s" » is shbxm in Pigo 1l. The question
regarding ﬁhe doubled structure of the lutsophosphotungstate
a.nion;, roiged on the basis of orystalle-chemloal rosearch
should be considered as being open to discussion, Rxrorimsnts
on diffusion do not eonfirm the doubled moleculédr welght of
compourds of thils dype. i
Finally, with pH amounting o 2.3-1.5, phosphotungastates
of the saturated series are fomod with a ratio PiW ® 1112, of
the compositicn 3820.Pa05.24H0530Ha0 ( in the oase of natrium
gadb), The suggested stxucture of miona/mgtﬁamg,il?m@) ' 3,1
iz given in Plg.i2, ‘ -
Procesding from the ebove considerations, hgtempoiy;abi@
of the saturated sories may be cawcedved as pradusts of a_.amtea}z
of 12 molecules of a metal acid to sn anion of a sonemstel aofd -
aceording to Ba/ROp (HX0p) s (HoX0))aiRy0)n/, whore R 48 the 'nﬁ_f\s«f»; 3
metal cleasnt forming the complex, m is the baslelty of the =
asid which gmi*respmm to i, erd X 1s Ko or W, Four moI,\eéril@a,

a (U

sivv ot oo b4 Ap

—
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® 20 o

Ji !ﬂr M 3,'

of HyX0yjoin directly tetrahedron Roj. The other sight msleculkg“; N
of HpX0, are conmsoted to ome anothor, In this omse tho mwg»;
en bord s muat be of primary importancs. ;

The suggested schenss of the strustura of mouopoly end
keteropoly compourds raflest the importent role of water in .
t® prooess of fommtlen of thoms substances, Tho behaviews of |
water in the pald compoundg of seversl typesws studisd by
motnd of isolople exzchenge with Dp0 and hoavy oxygen watax'a

V.I.8pitoyn and T.F.Beryozidna (20) investigated the
i,_agﬁgpgé'pm!@ng@ of dewteriun and hydrogen betwee watey

- vontaining approxinately 2.3 molay per cea$ of D0 snd yaricus
hylyatos of godium pave- and mwetatungstate. The boavy wates
used for the purpess had a surplus densiiy of 2400-2800 ., A
batoh of en aquopoly mampoand wes lntxoleosd indo a wehad
amount of heavy waier of a kngva density. The mixture was koph
for a fized tims &% & constmag %gmpwa;tmg; following whish .
Yhe weter wag romved from the solution and mﬁgea&a& o stande
ard purification. Dus to the slight solubility of mé&w
paratungstats, thore was always present & s01id phese ox; the
botiom of the roaction vessel. For this resson thoe wlﬁ%&m;: .

. wag parefully danantea before being distliled, A, qnanﬁi&a&ivo
appzaisa_ of ieaﬁspie exchangs was mada by mmwing the am&gy
o§ the heavy water bsfovs aud arter the ﬂmzmu;ise The dmi&y

~of the water was dotermined within 3 by the flotation msma
with the help of o hollow W@ ﬁnato mae ? pEgoonts a&%a

<y

“n

B G A it ¥ e
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on the isotopic exchange beotwoen the heavy water and sodium
paratungstate,
‘Fable
gotopie szsh of on_hotween beayy wabgr and
godiun paratungstato, HayOWiz0py.2705600

Temperatures 20°¢,

Composition of exchange Duration of Partloipatlon
mixture, go experiment , of Ez0 melseu-
Bodlan para- Weavy hours les In the ox- Average
tungstate water shangs
R.93493 4028970 1.7
1,19260 - 7.16239 10,90 11.02 0.5
2.00967 7.3227C i1.h
k90522 6.73990 28,9 . 28.2% 0.4

5296346 7.28052 ' 275

o

As can be seen from the above results, the axchaugs of
hyirogen procecds at a high spesd, Fordy ‘Qag?‘saai of the water
satering into the composition of the whole .Q;?'ﬁhe vatch 49 oz~
¢hanged in two hours, although by tho magnitade of selubllity of
parasungaﬁata; the 1liquid phase is supposed o coutain but
20-25% of the salt used in the experiment, The mobility of hyd-
rogen is so great that in 12 hou'fa tka exch&mgm in the solid
phase attains 106%. P

At the tomporature of 100° Qn,t the pate as‘ @s‘lmsge g.‘owz

e

mnaiderablgo In an hour's $ime as mon as an;
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molesules of water 19 exchanged out of e aaamwg hydrate,

Partly debydrated sodium paratungstats exohsmges vith
heavy water at a much lowor rate. Tho preduat of the mmposition
HayoW32041,09-4H20, propared at a temperature of 160%, does
nod oxhibis any propensisy for exshamge at room teuperaturs.
Heating the splutlon to 100%C makes 2.6 aomaﬁles of the water
exohangeable, Paratungsbate hydrates sontalning water to the
emount of 4.3 Hy0 and ZHp0 ds not eoxchamge et all with hoavy
watér.

Sodiun metaturgatate w2s ueed as crdlnesy lO-wnter hydrate -
with a eompositien, according to analyels, of NagW)0;309.65H,0.
I¢s oapaeity for exchange whith hoavy water wes log. pronousiced
than in paratuagstate (Table 8). A% zom eemaz'ammp 7-8 mole= =
culés of watex poossEs creab nobflity end extbangs almest in- N
stonteneousdy. Howsver, the remeining 2-3 ‘moYagules exehanze by
far olowsi. It is only in 336 hours that the amh..ansa inval'ms_‘
9.3 moloeulss of the initial nyamsa@ A 106‘:'89 neating for an -
bour suffices for a completo exchange of the waker.

Frn PTTINAY pron

oWt
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° 29 o

Iable 8
Zzotopic exshange batwesn boayy water and sodiwm
motatungstate, NaghWy033. 9,65 Hy0

Torperature: 2006'.

Koo o8 Cenposition of ezchange Duration Participabion P

oxperimont pixtun of expsri- of Hn0 melocu~ Average .-
Hetasung~ Heavy mant, hours les %n the e )
gtata water shange T

086189 5.99456 3 7.1
%.85081 5.1555% 1 9.1
2.69152 5.95939 266 6.5 £ 0.3
306153, 535909 168 7.7 L
4094261 8.57961 336 9035
551843 829535 3% 9030

o

9.2% 0.3 -

’903 $"‘ 0:1

In pertly dehyiratod sodiun meSabingstate, NagW,Oysob.l0,
ong and a half molocules of water &4 neS pwﬁ@&mﬁé'm the
gxshange, 7The mobildty of hydzogen in the produst of furthey
@W&me@n of sediun mtatungatata;, of &’ ﬁazw,ioléumzo 83
yositdon, 4 very low, It i3 only during bolling that a siight
exchange 1s recorded. This sugzosts the existence of water
bridges wiloh sonnesh ¢he peripherel part of the éomplex anjom
with its struotural unids lecated degy in the molocals. The
break-up of such & bhridge during dehydration of the substance
eppears o hamper $he progFess of hydrogen exoimnge,

———r =
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e-3°¢s

¥.I.8piteyn and Y;,Fosaryomm (A1) studled imoteple
exchango botiesn hoavy water sontaining deuterium sad an
aquosus sodiem selt of phosphotungatic acid of the satucated
gorles, 3N0;00Pa05024T030330a00 Tho mathsd of performing the
experimenta wad gimilar S0 tho one described for godlum paves
tungatate. At & temperature of 2 20°0, 33.9 moleoules of an,
’-‘09; all the ccubined water of tho initiel heteropely compound
proved to possess a capacity for exchonge within ‘éim ABOUPRSY
af meagerenents (f .5 mels of 320) » The ree:iis 80 4btalned
are noh sufficient to osonfirm the assgunpsion re:gaming the
z'):s;sse-xwgs cf at&oagly conbined water in the complex, vlmilsz, o
for instance, to the one corresponding to tho atoms of m&mw
of seld zmani,/ymgﬁy)gonﬁao,, asgordlng %0 Hlolati-Rossnhelnts
?o:emiag ares diffioult Yo replace. a tomperatira of
9?“&‘. a eonaidemb!a pard of tho sombined water of aoaiun
pmaphehmsswte {27.0% 1.7 mols) are exohanged in an houwEts
time, yot it &3 smaller than et room tonperature. Yhe partiel
dehydration of snls whish takss place a& a Msha&' mpmtaro
mppesrs to lmpude the pemetration ot ﬁhe emmut miﬂl!m
of heavy water degp irnto the complex amn. .

7he behaviowr of Bhe conblaed water of aqmpo;y “gnwa
wag aloo invea%igatm by me=ns of &xdhange wi.th hﬁﬂy m ’
water, V.E.Spitéyn, R anAiatova and v.t{JaeLnev mxzm

vgw

e,
fé.r. %L ¥ m_ﬁ mnbm anni:n‘m‘hn ‘l Qﬁ g‘ﬁmiﬁ ‘gr 9 QM
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degires of pachenge was controlled nuss-gpogivometcionliy, IS
appearad that ab a tempereture of 2090 sodlum paratunpstate
exohanged vAth Hy0'® not only the exyatn of 1% ecubined wates,
bug tho whole of ozygsn contained in the salt wndor investipge
tion as wall. A% a tempersture of 9506,, the two phases of the
exehpngs took plecs in less thern sn houvw, Apart feom thig, —
a conmidexap!,e frastioning of hoavy ozygen was -z'aleem@ﬁ in %bl:am
experimsnts, which accummlated in the paratungatete mziaéz to 8
greater amount then antleipoted by ﬁsmmﬁé; 1% is worth
notirg that normal délun tungstate, Tagli0y2Hay d1d nob
6shibit suoh frastioming. The muthors of the abdyeseited.
paper suggapted that the great mass of complex mi@ of paﬁa;;
tungstate was bhe cause of preater asswmilation sf Egamzmlé
oules in thie compsund, There ave somé publiched data og thw
Tractloning of ozyam lsotopss, as for instancs Gwring Wﬁ&eﬁ
of some fons In an agugous solutlonm. A gamxal Tulp WAM 8%= - 7
pounded (23}, eccoriing to whish heavier agons m §] acm&n&mﬁe
in heavier molosules duwring tho exchamgse < - B
8indliar phenonena oi‘ isotople exehanga ef awam wez*e :
rovealed by V.X.Spitsyn, A.V. Lopiseky, Razcﬂsﬁevag nauzsmw
ana VeloPeholkin (1957) 4n the cass of pommba&as aad ! ﬁana
telates. Eeswy oxygen water was subjested to mh&@ at a tmaa N
perature . of 95 ¢ with the following corpounds ﬂﬂnﬁe.ﬂ; ....". .wr o
sodiun pentetantalate b, %ﬁoﬂﬁaﬁﬁac?-?olﬂzﬁa gqﬁ&\m bmﬁan»
talato = 9.92Hay0. F*azoﬁozﬁgmznn mm§§£aa hexamgkm@ - 0

——
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> 32 -

- 9092332093%205026011{309 Dotassiun hexaniokats o
700111(2%6%2050‘22015209 and potesaium metaniohats -
0.96Ka0.5b205 403660, The mothod fer carrying ous the oxpori-
ments end taking the measuremsnts was simfler 4o the ome
dosoribed above for sodiun raratungzstate,

In the oase of the niohates under investization, oquilie
brium was attained in § bours, corresponding to equidistribue
Won of Olah@meen the lwavy oxygen water and all the niobate :
enions combined by oxygen. In the case of temtalates, an addi-
tiopal phenemsnon was disslosed, namsly the Lrastioning ef ‘
0zygon-18, tending to enrlieh ths salts with the isotopo of
0ZygeR. It 18 posalble that the greater mass of tantalate
enions, ag sompared with niobates, exercises the same influmence
as hes been aoted im the case of par&ﬁnngstataso:

The results of the oxporiments devoted %o o stuly of Bydsd~-
&2 and oZygen exshenge lesd to the concluaion fuat 3n &hé
aquopoly end heteropoly compounds all the hydvogen snd oxyges
atons are woll capable of xohenging with Ba0 snd hoavy oxyged
water, This does nod preclude thab in the sasd gomplex anioam
the water may be located along several different Formp of .
emaﬁi&gtimn theugh with approximate onergies of bond, A
Surther, more detailed study of the kimeties of hydrogen ueﬁa;igﬁ
is bound to elarify thie point, At any rate, the sug@asﬁnas -

-
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of suopoly and hstaropoly sompounis werd unt copfirmed by the

esporiments we condus o on isotoplo axchangm.
the procespes of Gebydrvabing aquopoly

A dgtailed sy of ¢
end hoterepoly sompounds of fungsten, mads W e author of thip
consli dorahble

s asgopluten {2%,25), hes zhown that &
ombined in them is ramvgn& in & veveraibls

he Tact that unler cevtein sorditions
joals of %’Ga&w be replaced
ky o bond of toteehedrons of Ym&g" dus o the comuon abtomd
hs 1asd loS=2 molecules of wes
Gifriouly to TEnove LrON aguopely and betercpoly compoundd, The

watey in the peterspoly compousd g appesrs o originats fren
hydpogon atoms soxpiped with the sentral vadicel of anenenebal
' 10,47}, 1o squopoly sompourdo 1%
# the innoy sphery nydsononiug.

o poted that the seid $oheR

paper ond hi
pars of the water ¢
wage T his bestlfies to %
#ho _zs\\:azregen wond beswsen ¢he rad

A

ar are the most

T
R

P

of ORyROU.e

o
]
RS

T e
'*‘H’?"\ﬁ :

¥

g2aid {for inotaneo, mg’s, 8

%Tf#ﬁ

7

5 ¥y

sorresponds €O the redicels ¢

At the sama Hae 1% should b
s off in parts, Ia sgome hateRopoly

molecules of waber aleo spldl
pompounds the lash amouns of weisr 0 b6 renoved ferms 0.5Ha0y

whieh corrssponds to one hydwogen atom. &b may B9 papposed thas
centyal anlon of tbe

ki 42 the lagt lon of nydzogen cab of the

aoid forming the conplal.
An imporiant gonolusion eu

w._

OIS
AL

gposts Ltaslf fronm the proyussd
apoly acdd anloas, semely -

analysis of whe strusture of hetsey
the non-motel asid Lorms

su0t thely basieltdy should equel shab of

And yot theve is quite en mmotnd of pFublished

ing She COEPLSIe

e —
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data or the pussibility of obteining hoverepoly salts of high
swstliutlon in accordense with formulac whish follow from

the conoeptions of Miole¥l-Resenheinm, Some researchers {26)
have notahly, attempted to prove thatb during the gradual action
of aliall, normal salts of heteropoly aclds are transformed into
salts of bAzgh substituwlon, ag for szamplo salt 5‘363?.14/?(?4207)5/
vwhich 18 transformsd into sali N%aypnga?)é/ end so on up to
Hap/P{Uig07)6/s There is no doubt that move Light should bo
thrown on these polnts, with new methods of iavestigation
employsd Lor tha purposs,

Vol.Spitoyn and E.A.Fabrikeve {27) used tracer atoms Loy
givdying the intersction betueen doublo-roplace’d sodium of
phosphotungsiate of the saturated seeios, 22\!&2002’2950%??03‘23526
and guccsgaively added amounte of Wagl., A semple of the abave
salt was tagged by means of P32, The decomposition of sodfum
phagphabungstate during the astica of Na0H, atteondsd with the
sp iitting off of phonpbate ead standerd tungntate, vap establish-
e by moana of two msthods (Table9)., When the first meshod wag
eppiied, the preduct of the reaction was procipitated though
the effest of quinoline acetats, Ths free phospiate remaingd &=
the golutlen. The use of tagged phosphotungsbats made it pas=
#ible to observe the prosess of decomposition by ths grouth of
astivity in the £iltrats or i%s desrease in the rewidue, Tho -
ascord method was baged on the fact entablighed by ths invosti-
gade's thaf thors was no {sotopic exehange of phosphorus betwessn
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nhosyphotungstats and scdlum phosphate. Tegged phespiate,
WaghPQy, with a known gpzoific aotivity was added $o0 alkalized
solutions of stadble sodlum phosphotumgstate, Mixing of the
tagred phosphate ions with Lhe lons of phosphate formad during
ths decomposidica of the hetsropsly compound results in the
following: the reverse pracess of forming hetaropoly anlonsg,
cauged by edding hydroshloris aclid and beating, occvars slirgedy
with the saplurs ol tracér phesphorus., The degreo of deconmpopi-
tion which bed daken placs was salcalated by the dsevemss in

the sposific eativity of the phonphato added afber the separa-
tlon of the mal%e in en asid solution by presipitating protaseiun
phesphotungstate, The eoinedding resalts of epplying the two
methode point te the faet that the desomposition of soldium
phosphotungsiate lnto phosphate end scdiuvm tungstate bagine with |
5 emownting %0 6, after the adlition of 5 mols of MaOH yor 1
mel ¢f double~substitnted salt. Complete descupusitlan of Ghs

heboropoly anlon sebs in after adding some 25 mols of alkali por
1 wmol of phosphotungstate.

g = .
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Zable 2.

Nacsasesition of spdium phosprotungsbale lutn

phogphato epd sodlum tungstste in solubions

sontaluing variouz adlitions of cansblo s6da.

w rat of aplitting off phosphoyus as p‘\@apmta
gﬁzﬁoéegagﬂ ﬁ?éﬂ?gﬁg ‘»}cfl.zt.mn fr‘*om gh@%mmwpwwa §zc gond
mol of suly  the solution Tothed L Teihed 8.

Zob
2.9
3.6

5.0 D

802 6.0 6

9 72 240 20.0
12 75 .1 35.0
223 4 8.2 £3.2 T0.5
1

27 H 909 95 od . 9856

I nccordencs with these dats, the chemicol enaliyslo of the
products £ @med during the affect of 1 mol of HROE ob I. zol oi
triplo-svbetituied sefiun phosphotungatatse, 3“3‘3«36@?205&@@93@:
5H,0, has proved that a double galt of e m%m

——

=
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ﬁag/ngoBlﬂ 3Ba W0, °21H20 45 formed in this case. Horca, ]
caustio poda added even in small quantitios produsas a partisl ‘
decomposition of the heteropoly anien and brings about its traas.
i%ion to a compound of the umsaturated series, but dces not
produce salts of high substitution.

Subzequently V.I.Spitsyn, I.D.Xolly and T.S.Beshkirova
{1957) investisated in a similar way bthe isotapia oxXehango
of silleon betwoen potassium silico‘bnngsta?ap zzczc:esiozoM/o;,o
nH,0 and the gel of silloie aoid tagged by msene of the shords
Uvod Lsotope of silicos, 88°7(21/2 & 2.6 hours). Finely round
pewder of rook erystal wns irradiated with noutreans in on eranius
reastor for a day. Following ths.s; the preperation was fused
with caustie zoda. The silieats so obtalned wag deovomposal by
kydrochloric aodd. The gal of the sllielc asid was waghod of
tao lmpurities by ropsated decantations, The batghes of tagged
8i1%sic aeid were bolled far an hour with tho initiel solution &
of p@msgﬁnm silicotungatate as well as with sséggiom .af tha
compound, whish had been preliminmarily treabed mitdrzm amall,
awsunts of caustic sode and brovght wp teo an equilibrium velue . .
ef pH. The solutions wers then centrifuged, the cantifugats
was avidified and the slightly soluble cesium of silicotungstate
was prooipitated. In the cese of partial decomposiiicn of ths .
hetoropoly enion with an inereass in the BH of the medium,
radicantive silicon pemotrated Snto it dus Lo S.sealm'pin SXOBRNEs
‘amd was fixed in the anion during the acidifisation of the
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yoraotlon bebuoen tho inibial salb

goluticn. The aatere of iu
sould thus be judged by the activity

and the added paustio soda

of the ;solatez‘a regidus of gegiun silicotungstatd. The rosults

are given in Table 10.
mable 10

twoen the gol Of piliods

xmﬁsgic oz_ohange of silicon be
agid andbhe polutions of potagsiun si1icotangstate

with various values of PHo

Mols of KOR added pH of the parloivating in the iso-
of silleon

per 1 nmol of silico- golution topia oxg @
tupgsiate st of the i 14 cotungstate
X anion, per conb R

- , 0
3
8

2

i2 =

potassing siicotungatate

gne conglusion Hay ps drawa thed
ge Bilicon atoms wish tho

of the saturated goipn dces mob exdhen
pesidue of tho allicic neld, 209 axohangs ig, howaver, 84601089
cf alkail ave edded 1}@3 ons mol of sildootansatate
¢ to the beglnmingof she ppliteing off oF She

1t ¢s just in this pange of P 45«'&}

a the formation of pheh ‘subitie

whon two mels
whivh tostifle
s1ifcotungeiate anion.
that B.A.Mikidiss {26) presume
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tution salts %o toke place, It would by mwe Jastiffed la -
assuming that unsaburated hotoropely eompounds of the sili-
codspitungetate type or thelr double salss with o fundapd
tungotats are formed in this cmse, A eoaﬂi&arable deconpopi-
tiom 6f potansium gilicotangatate is restrded wam pH amsuni~
ing to 8, when L% appears to tumn Infe ol 1) Gohoptatungatate. It
ghould be moted that the oxperiments with trecer atons ppint to
a m:;eé.dwamy grenter stebiligy of sillgotungatutes an for
as the sffect of alkalis i sondermed than of rhosphotunzstates.
Tho 2tove realts make highly quostionable the poaai.tﬁ‘ls.w
of obtadining galts of high substitetion thromgh the interagtlon
B'@weaﬁ senstlo alkaldis and hﬂtegopaly galig of & novisal gofte
p@a&'&im; or the whole, however, the problem ef polts of high -

substd tution, referred to in varicus publloations, z,'ag‘giz-sa

nere thorough systemtis checking.

Valuable information on the properties er-heWagsisr' eans
pounds have hesen chlained as 8 romuls of studying the isa%:lpic -
eud lon exchosge betwssn various hstexopsly entonni SHL) more
important results wers provided by oboerving the gﬁowpia
exémma of the naderde of the innez sphare botween GquOpoly
and hetveepoly compouitds. ;

V.7 .Splis oad B.A,Torchenkova {9) studled ke iso%pie
grohangs of fumssten betwoem si&im@ungﬂﬁﬁ agid ﬁaggs:a with
E‘.zgg; and yhéspﬁ&awgaﬁc acid, s expericents wers sondusted
with various velues of pH (L85 4.y 5.67). Afber She exporie

— —
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meat, the phosphotungstis seld was presipitated as a potassium
galt (podassiun silicotungstabe is goludble), Ko absorpiion was

rocordsd of the radlosompozent on the mx‘;aas!.wn phoaphstungsiate

reai&moo Wi?h pH amounting 0 1,5-1.5 and a temperaturs of

aﬁ (:p the @xssha.’uge progesded to the degree of approzimately

20%, Arzespestivs of the time of intepasction {rapging from 5
misutes o 250 hours) {Table 21}, It might ba supposaed that onlyﬁ
& part of tho tunghien sioms of the heteropsly aaions is capable
of participating in tho oxchamgs, Bolling makes it possible

to raiss the dogrss of exchamge o 30% in 3 hours end to 50%

in 16 houxs, In this case a partial decompositlion ef the come
pousde aiready appsars to talm plase, Vith ri smounting to
s&;;é;p!;.,?; the oxshange procceds at a faster pacos atoud 835 4n

5 minutes; and 100% in an hours timo {Table iR}, Rvidently

the products of partial desomposition of the heteropoly selds
ex¢hangs tungsten atoms vith less dlcficul®y.

TPabls 13
Isotopde exshangs of tunpsten botiwaen slli%%%ﬂ
. 28l phosphotungetic eeids in an sold modivm
uvatlon of mempm'amrep PR oF mme of %ungaﬁw axahanga,

sxrarlrent solution < $
W LB 7 PRl awrasa L o3] ~

st}
13013 &oi; _avarage
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Table 12,

topls exchange of tangoten botwaen | 3334 cobungotabs
am! gh@agmmxagstate pplds i o waa}:lg asid wﬁiﬁh

Duration of pH of Dagroe of tungsida mﬁaﬂ@&g
exmrimm solubion peE egm'}; :

5 rin, bok 82093 7!}9@ {&V@ﬂg@ '?891}3
3 hour Lok 119.0; 85.5 {averags 102,2)
248 hunres ko7 94.35 100.2 (averagd 9702)

e aMuation apouid bo m»de from the a’ﬂovs experimnts
thet the isotoplc exchaage of addende of the inney pphevs boe
tween two hetevropely anlons may teke placs., The oxehange
inereases during the partial ﬁaenm.positicm of rateropoly
coEpounigo

mhs exshenge of sddenda between two hotaropoly anions vas
investigated 2k greatsr detell by T.I.Spikaym anﬁ ?oLByémvm
girays {28) who used for this purpesse ainem&gh‘me gold amd
mﬁium phespazatmgataw tagged with tngstem. mha emahaage
appoars %o s.-eelet in the formablon af mixe{i hamom}.y cwm»
pounds, euch a8 pbgspmmwh&embmgmamse iéiw mW@s
soTs garyiod out in en ackd medium st vesieus {.@npsm%ureao

Phospkofungstate whs precipliated 88 & 90taﬂf£nm ﬁam {&s
gimiler selt of sliicomolybdio asid azsaaweg aaaﬁ.y}o ﬁ'@
posults of the oxperiments 8re shown in Tahla 3.30

——

—
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Zable 13

Exchappa of 8ddonds ef the inner ophere ba“cwem s&ﬁium |
phosphotungatats, vagnlfﬂmow/ 3.8340 and sllicomplybdie
a'aia,, K%’/Simlzoka/ %29

Tungsten end molybdenum oon Gent in inftdel
solutlongs 0002 g/mig temparaturos 20%cs pRs%.6

o 5 o Seaahanss, ‘, can?,s Tiowm, ne 20 of exnbone ? gent.
ux "t Houre (6% So% CY:) Zarien

@f axpari-— o2 e::pwl- Avapags of GEPS
¢xperl- o -
maRby Bant 8 nerds mia #i- Average

825 9,3 9.3 93 96 M9 B0 g
ER & 1 11.3 L3 133 32,5 3,’7_‘;@" 33;2
35 WA me umh g g 35.0

6 425 1 746 8.4 168 3”67 8.3 49 5
2 9.0 901 900 b5.9 4.0 &69 ~
B 2k w6 . 250 me . 555 855

20,9 22,4 Ab 245 S 50,9 52, & -

With ¥ emtunting € 1.6 epd a temperature of 20%, tha
@é@i_zasga progesds fev the £irst 15-60 minutes. to amczzmtaxy =
6%, The degres op exXehange does nrot altep fm t.ha :eliomg i?.&,
hoarso Then there i3 en nbTupt lncreass in the Gegren of az» i
fhesge up w 20-25%, pimilar lo2ps to as Mgh a m:m of am-.
ahazge a8 33-35%, AP-kGE and 53=5%% take pxaae in 969 1é8 ané

—
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216 hours respostively. Thove fore tho JUrve rgprosenting the
pouree of cxchenge {Fig. 13) iz of a stage~like naturs. Thin
points to the non~equivaiencs of tond of $ndividual tungstats
ions inside the heleropoly eniong end leads o the sasunption
that the irner ophere of heteropoly sompounds han a miltilayer
structare. Tne abrupt latcrease in the degres of izotople
exchange ab deflnite intervals of tms scemg to bo reladed

to the beglnning of exchenge in a now layer of gddends. Heatks

g

EO TR B B R R N T 5 P o AN
P BNRC  Ce ieilhe, en R

e

ing mekes for an {nareasedl degree oF oX0Oh2RES.

Pha posults of the cyporinants on isotoplo sxolinngd ara
algo in accordance with the assumpbions stated above rogardirg
tha awua%zzra of heteropoly enlona. ThS noleculed of a mobal
nedd, added directly to the anjon of & non-mebel- endd, mst be
conbined more Sizmly than the others,

Tateresbing results have boan obtained by nindyisz the
suotopio exchangs bobween phosphotungetates of pateratod and
non-seturated sexfes, The experimonts wera nade with pE auounge - ~
ing to aboud 3, ab xoun tamporegure, The COURES of oxohangs - X ::
wag controlled by pragipitetding phospho-i2-Sungstate as & po%&%» 1
siun zalb. The eorvesponding salt of lutesphosphotmastio aai&

ig zaluble, The Tosults of the sxperiments ave given in Fabie

4, Ir 192 houra tho ¢xzchange prooeeds by as 14t%1e as 2%,
whils bebwosi two saturated heteropoly compounds {sadium pzmsym-
sungatato - silicoxelybiie acld) She degree offoxciung 6 48 28
gh a8 505 during the same period of time. The rwmasﬁ amga»

—

e =

—
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iike naturo of tho ipmsreass in the degros of oxuhinge sonfirng
ones more the assumpiion regzrding tho non-squivalenes of the
inger sphero in the heteropoly anioun,

Tabls 1L

Isotopis sxshanere of tunpston bsiveen phonpitgeie
fungatate and tecged godium phosphosf-Susastate

Tuppeten consteont in inmitiel zolutlonss 0002 g/fwis
fanpsratures ?Boc; rHEy 2.9

Dapres of exohonpd, por conb -

Piue, hours

025 L & 25 48 72 96 14k 268 102

0.6 10,2 12.4 18,3 17,7 12,5 20,2 222 269 21
3.2 10.2 11,8 194 17,5 26,8 16.h 215 20.0  Rl.l
10,8 10.% 12,1 18.8 17.6 14,8 18.3 R1.8 %3»-%';‘ 21.1

The gxporiments devoted w0 w:ayiag fhe passz&b:l.n axaigmga
of the central afisma of heterapoly compounds yiel@g;ﬁ siszative
rosuits, The followlng Bystens wore investigateds Eﬂﬁﬁﬁ phe=
sphytungstate - phosphorie a@iﬂg sodiun Iuteaphasgxhamngsta% -
phosphorie aeid, and sefium phasphomplyvdate a&lﬁwmlym@
acdd. A1) the ctove-eaumeratod phosphoms eomaiﬁmg oomgotidn
vers gagged by means of %2, as slready stated BhOvEy @atasaﬁ.
silicotungstate of the paturated sexies ao&s not mmge 5&3&-»
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son atons with the gol of silicle acid. The abscnos 0f ex-
change of the central atoms confizms the provailing view that
they are Pivnly gombined deep in the inner sphere of the Reterce
voly antons., '

The method of isotopic sxchange {8 of considerable impori~
enos_In assertaining the genetis bond betwosen Lsapsly apd
aqiopoly campounds on the one hand, ond beteropoly sompounis,
on tho other. Progesding from measurewents taken by neansg of
the mothod of self-diffusion of the moleoulew wolghts of tung-
state lons farmed in the solution with verlous values of PH;
FoAnderson and K.Jaddingion {7) have pmve& unammé&wus&y that
ions of the eamposition of Wao7 or ¥ ?303;, are fonwed in 8
water modium. There is thorafore no reason 1o suppdss tha‘%’»
sueh groups oxist la hetavopoly emions. It 45 more J.Skely that
aquopely anions dontaining constitutional water andfcrmnd !;‘;.'n a
water medlum ave proseat im them, It ig, nawvew; ;‘w‘b e&ea‘x" in

thin case whether paratungstatp ions, their kindved bexatunge
atete lons or, Pinally, mitatungstets fong ars ‘th‘ta sﬁm%ﬁéﬂ
uatis of heteropoly anienz,

V.X.Spiteyn and E.4.Tevebankova (9) stwiled $he 3.::9%;93;3:&
exsiangs of tunggton botwem ex asidiffed solution of am'ah
and pome hetevopoly compounde; sodium S&Lﬁ.com&eﬁaaeo ﬁa‘b/
BiWan0s0/ Wga, end modium ptwsph@tnngstaﬁa, maa/mmowf
34,0, and sodium phnsphetungstate, nagzz/m&oh .m,,oo After
edequate keepieg of the miued golutions, mgpwgunasaate wae

s e e T Lo
ot m By N R RSk TR TR IR e i e ey TRt G
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pracipitated as & slightiy solublgbotasanium se.!is,, apd silisotung-
shate as & oesium salt. The cxzporiments have proved thay .
Kaa‘@?% easlly exsbanges tungsten with the two hoteropoly come
pounds under invesbigatlien in e an acid mofiom, With pH encugd-
ing to ko8 ound a tomperatare of 250, sodiun silicotungstatd
completely cxohanges tungsten with an s8iditied polution of

mz“‘% in a few hours {5-24). For this reason simller axporie
meats hed to bs condusted with pd of a higher value, 80 as %o .
sstard the formaticn ef aquopoly compouads, With PH emonabing o :
6,1; the ezehongs of tumsten procseds at a miermte rabe

{(Pable 15). The viss of pH %o 6.8 rotards tho exohaags to 8

shilL grester gxtoat.

m.m.ian 92’ nag% and mdiu& s&lﬁ.@omﬁgﬂ%a%

Pamperaturs: 25°C; pHs 6.1,

3 pogres of tungaten examgg
pavalion of axperinexd i4d b @m z

§ mo | 137; (Avexaga 1.&)

i hewp 9 H {msw 3»9)

24 bonre 5.4 i (pivte’ 13.4)
¥7 b 63.3 K

Shun the sonlalusion should be drawy that the smuéééagxm

Ff":? f?;’;

——
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stete don daes mot oxshange tungsten with hetewopoly aniems. °The
exobouga progseeds with aquopoly compounds Porasd duping the gole -
Qificetion of solutions of siendard tungstaie. This Leods to the
asgusption that the 70~ 1om 1s not a structusel unlt of the
hotaropoly anlons undex investigatien.

Bxperiments with scdium phosphotungstate end an aei&.’gﬁe&
polution of ﬁa_?j{?@i} pava shown thet with pH amcuatiug to 1.B
(2%8), the imodopia exshange of tusgoton progacdc ab e Tasbter
ppeed and smounis ¢ %o 85-60% in an hoar's time. Pavatungstate,
tagrol with mngstenmf* and igoleted from the soluitlon ap az‘ya!;als.l
ustarts exshesging vith phosphotungotate at e much slower pace ‘l
than tho seidizied solution of Ha,i. with pH ab soﬁfg “gha
¢xahange emounts only to 8% in 24 howrs.

¥4 shouid be acted that the ahoveeflogerihad &sa%x;iﬂs oy i
changs of tmgamn batEsen an a@i&iﬁeﬁ :somtian e,? ﬁaaﬁélg and
hetoropoly cuapounds tales place oven in o ﬁtrmgly msi:x wﬁ..m,
1.6, whan the hetoropoly snien is still wite stable,

Highly iantorcsting yesulls wers ghtalned i‘x:ua the expaxiz:m‘zza

@ the ispbopis exchange of tungsion between phmmm*amtin
a0id and tegged sodlum metatungstate (). With pH Emounting to
1.3, whan botk compounds ars quidd. atamea Ao exmx:ga Was x»eonrﬁa o

@i within eppor even on the empiration &f 72 nows {Fabie l&)
th & lass acld medium (pH at 6.3), the exshangs bsgim. mmw,
ta specesd, vafoubtedly dus o the partiald aecwpea%ﬁ.m of’ tho

T
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awa

ini%ial pubstancss. The above expsrimonts demyabivate that the
netwrs 6f bond of the inner sphors addenda in the nodatungetals
a.;xi-on and phoaphotungstic acld is quite aifferont. Psssibly
theve ars differences aniso inm the chemlcal strusture of cooX=

dination aslong,.
Teble 16

Jpotopis ogahanne of tungsten between gedlim

B
B
B
.

B
R
B
-
H .
it v '
i
i
.
.
i
!
Eﬁ
o

.
b
t‘,‘
3
o
iy
b
i3
i
4
i

petatunestate and phosphotungstio aeld
Tomperature; 25905 pHeYs3.

Dosasion of Dogree of Suassten exchangs,
gzparinand ' nap oamd .

§ min. cé 0.8 {Avevegs 4.9)

3 bowr 0 {Averngs m:ﬂ
Tk hours 8 1.9 {(average 3&&*}"” :

22 howvs. 03 0 mwm a)

o e s i e

e

N Ty

E; usi'ng ths rsﬁiaac%iva isotope of ml:i‘.’eﬁmmﬁa i%aﬁ
VoZ.Spiteyn end Y.I.Bylovekaye {28) studled bthe xats ef excmga
af molyplemna botwesn an soldified solutlon of r.a&%% &nd :
goddunm phosphonolybiate. The esuvss of the mwapiw mmgs
vas aontrolled by Lsolating into the yesidus mghw.y soluble
potasgium phopphamulybdate. fhe axperimsnts h&w gma& that
goddum molybdate slmost inslentsseously ax{mangaﬁ m@a.yh&amm 3
with phesphowslybiate in a ?tzgi

AR T s R S R

% -
h
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?@R @HL\«Q Jale
e 50

values of ;;aE, the rato of oxchengs is screwhat retarded. The
oenvlualon may be drawn that thel the bond cf melyhdenum in
the phpephemslytdate anion is legs firn an compamr?; with the
f3rmnoss of the tungsten bord in thehhosphotungetsts aniom.

The abovs repulte of the ozporiments on iscbople oxchange
lead o the condlusion that the paratungstatc ion and tho mate-
fungptate ion ave hardly structural units of hotercpoly anioms.
It & meve likely that this role ls direqily played by tmagstle
ox molyhile woid, os ghown in the pohemos rggested akbve. fzt
foilows from the papor by V.X. Spitoyn ond G.N.Plrogova (1§)
that & great amount of tungutic eold Jolns the hexatunpgptate
onion wh@n Hagho), polublons arg a@id..f&cdg

Thus, proseeling from the resulte of the pmﬂtmw ropeazoh
sarpfod oub by other investigators, and uzing tz*aum‘ sxtma and
new daba from physioul end ohemdical studies, is %-as k&sfm poge
sible to edvance the chenistry of heteropoly aaldy wm.'\?x m
possl bly the must intyloate reprossntatives of the git aﬁ‘
eviplox gompoundie, ‘

¥o do mot deal in this paper with the pmbmn'l nr‘tlw
styusiers of aquopoly end hetorgpoly compoundy in gvgeli& ﬁﬁ;atm
on whioh thore is muoh valusble material obtelned as & result of
roonteshographle neasurenenis, The taek of our ﬁazﬁh&ﬁ resoarch
cousists in ostablishing bords betwesa i.ma atxuo;mz'ag of hem&-a
pely compounds in solutlons and in & Qr:mt.al s&h&ga azux bxiaging
them o resirredal ce'az'ermiwo

FLd B v Wi il

e —
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gamsl’ﬁaio&ﬂ

1, Traces atoms were nsed to assertain the primaxy stages
of formaetion of aquopdly end hoteropoly compousds, as well a3
fozr i‘sha purpose of studylng thelr properties erd stracturs Y
the methaﬁg;} of isotopic oxcherge., Along with this, other
yarious physicol aml shemioal pabhods of rosserch were employed.

2. It has togn establishod with the sid of traocer atomd
that in aei&iﬁe& polutions of Wa-¥, the fomsxtieng)ﬁ paratungs
ptate ions progocdy rather plowly sad is accelagated wthe
.éal ght rise of tomparsture (up o 50 G} ond ths. Imesing of P,

3, The tehaviour 0f sodium pamtmgmaw golutions was
stulied vader various sonditions by mesens of geversl mihola
{adalysis, pelarographys 1{ght abascrption spovtne, Chxomatos
graphy) o e

&‘ém Ib hag hsm shown that pam‘%uagatam imaﬁ xe.rmo%
dﬁazof, exisy in fresh golutions, apd theb durlag “the kaay‘&sg
or heating of the sclutions they shonge to xmaaﬁmgsﬁaﬁa i.mm,,
.g.ﬁ;«,,cowéoﬂy 21205 Ba0, with half %he molesulsy ng,am

5, Rexatungstate Lons or anfens of high mnmaulaz* waigmg
pontaining trngsnis aoié, are formed wihen m@% iac}m%inﬁs aro,
noldifd e&,ﬁepw&m on pB, the anions being wl my mb,ecﬁ:ea
to the progess of &&ﬁaggragatien. . b

$o It hazs hosn proved thas the interastion b@imaa tha R
POy Z=ond ﬁ% P230ns beglss mmﬁw tn. the aih:e&& ‘«:sésgiw {yﬁ 5

I SURE AP L
B U SRR e )

t

Mo jinea i Savant 9E 24

——
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IRy e

Fell Brvtwod Gog el ).

s

mum'»in; m @-9) end results in wraaburated phosphotungatates
or Ghedr double eompounde with maNHid angetate.

7, Sufffofent molildity of ianér wphore cddesla has: baan
established in the enions of hoterepoly gompounds for igotopls
and Jon exbhango to progaed boimssa Hheno

§. A otogp-like sature of isotopin cr ion exshange in %3m0
has been reporded between two heteropoly enions, whiah tas&iﬁ?s
%o the non-squivalense of the position of the imnez sphors
eddenda atoms.

9, The iscioplc exohangs of the addenda in bhe innor sphors
of som habaropoly alons with NegWl, and Haging, solutions hap
peen fnvegtigated at various pE valuea, 88 wall ag with pazte
tungetate and netatungetaty iong. -

10, 1% hss been ostublished that the exchange prutocds ieh
£hé 1east d1fficulty in the ouse of gtrongly noidifisd aa&a%iozm
of MegWly, end NaghioO. ¢n the basis of (hoss m&m% % bug
bean puggestsd that the addenda of ths inesr #pwm in the amw l
ropoly anjons under invontismtion are the elaawsﬁaatrax mmm»
1e5 of tungeile¢ or polykilc aclds. .

11, A atuly has beed made of She inwmetian b&%aa soflun
pbosphotungstate and potassivm aili@otungstate, w& aaus%m 0l
kalls 1t has been shewn that with pH ampunting %0 Bafy. nyéz*ew
iysie of the complex anfon commoncos, NO. somatioa of hs,gh
substimtss.eﬁ salts was revesied. ‘ ‘ . :

. Blgh mobllity of hydwogen am! mg,m atm ina mamx'

rr"!‘w f\
%,, U.i

g
————

2

———t =) =
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of ayopoly and hotaropely compourds hos boen Guonstrated by
uping the mothsd of isoteplo sxoheage onG epplying Doly whish
makos it rather mn llkely thet "cpeoialr atoms &F hydyogen o
firmly combined water molecules gxist in thome

13, By the infra-red spectroscopy mothed & great asound.
of hydrogen bends hes boen aiselossd in aquopcly tuagstabia, -.
a6 well as the prosense of watsy in two oF throe foras of goordle :

nation. _

140 X% kap Desn puggesied that the praness of Torsation of
aquepoly end hetarepoly tompounds &8 related Bo the appaamw
of hydrogen bBonds botwesa tho enicns of avida, vhich wtm&mﬁm )
in the sald interesticnm. Tho existense of oxoplum geoups in
the gwmma of sguopdly enlons may also Us esh pesidla

18, The strocture of hotervopoly compounds of the sa‘éuzmﬁe&
sorisns ¢f Ghe phosphomplybdate or el liootungntate §yse, may
v9 exprosssd by tin goacral formuis He/20y, (1504, )5 {230, ] g{H20)
n/ whore R iz the non-potal elemand in the formstion of the
oomplex, @ is tho basiclly of the corvesponiing ag!ﬂ;a gni X is
I or W,

5 ——+
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PHISICO-ONEMTOAL, STUDY OF SOME INORNTG POLY=

SHPOUDY i
By Vietsy Spitsyn ¢

cars i

Fig. Y. Diagran of dewies for etuiying the aeli’umtusim of ‘
phosphate emd dubgstavs loas,

1} Glacsy sapillesfes, inner dlemstar 0.8 mm
i 2} Plexiglass holder
§ ; " 3) Plexigless suppove
L 4} Seoppex- holder
N Fig. 2. Pﬁlwegrapizy Bgalnot the background ¢f 12 ¥ B
‘] 1} 2ohoro ml/l Ra w0, » 26,0
: 2) 27230 01/ Fiay Oy 20 5 °REH,0

3) R87°38% %3/ Ny Oy 50y 9 0 2BHL0 (Tho solttdon was hoated
Tar 8 bovrs to bolling point) '

&) 50181602/ Wapy0130308,0 Sensitdvitys 1/208
Fig:3, Polavography sgainst the baskgrousd of .a " Kzsek

&) £:62°207he01/1 Hayohy 5043 - 28,0

B} ho8R°20°bmo) /1 namwmimoaﬁaga tem aamsi@n wap hemw% w i
Zor & hours to hﬁlﬂng oing). :

3) 3.0826"% zo3/1 3 Ne 40 50208, 0, smsxmm ma, -
Figo bo Light absonpilen speotra, :

1) 2320 %m01/2 Ba w0, o257,04

2) Fresh solution 2.5,10"%mo1/2 wamwwewawzsg
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3) In & daysy &) In 11 deys; 5) In 15 dayss 5) In 38 4syn;
7) Za 30 daysy B) In a yoar 9) 2o5°1@°~5mmz\f3.
BaW,01 3720000 '
Fig.5. Ohangee in the sodiun paratungstate Light ubsorpiion
speotra, depsnding on the tims of bollizg the melutien.
1} X houpp 2) 2 houwsy 3) 3 hoursy &4) b houpsg
&) 6 kouxsy 6) & houwrs; 7) 16 houws,

Piz. 6o Abporption of paratungstate by aniondts £ 1 8
1) Fresh solublon of NajoWyz0zy28Hqa03
 3) Solntlon heated for 16 hours %o hoiling poimt.

¥igo7. Schemd of structure of hexzetungatste asion,
¥ig.8, Sohems of atrusture of metatungsbats drion.
Fig.9. Spastra of infra-red absorption of vayioug paralungsiete
hydzatasz,
L) 28Ha03 2) 19529. 3) qage; &) lmgﬁ‘d 3) 25203
6) 002Ha0 por mol of Wayglyo0py; 7) Dohydrated compeand,
Fig.20, Schems of structure of unwaturaboed pimﬁph@ma%w
 with petio PaW 2 Li6 L
i&ano Schone af strusturs of mmmmmmta% aniun
(atlo Piw @ L19) ' o
E’ﬁ.gnlzo Soheme of struchure of ph@ﬂpmmngﬂta% aﬁi@n of he
| saturated serles (Ratle Pi¥ & 113) . i
mxouo Exchange of eddasda ba‘twe@ﬁ m@am ph&ammgmma
erd siligomolybiis ﬁciﬁn '

'.\,‘
kg

e
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